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Page  2,  footnote,  line  i,  "augustb"  should  read  "angustis." 
Page  2,  footnote,  line  2,  "ate"  should  read  "late." 

Page  38,  line  30,  "Taenia  ovis  (Cobbold,  1869)  Ransom,  n.  comb.,  19x3/'  should  read 
"Taenia  ovis(Cobbold,  1869),  Ransom,  1913." 

Page  98,  line  5,  "  Figs.  3  and  7. — Side  and  dorsal  views  of  female  "  should  read  "  Fifi. 
3  and  7. — Side  and  dorsal  views  of  male.  Figs.  4  and  8. — Side  and  dorsal  views 
of  female." 

Page  176,  line  19,  "Prunus  havardii  W.  F.  Wight,  n.  comb."  should  read  "Prunus 
havardii  (W.  F.  Wight),  n.  comb." 

Page  431,  footnote,  line  3,  "locularis"  should  read  " locularibus. " 
Page  431,  footnote,  line  7,  "locularis"  should  read  "loculare." 

Page  435,  figure  4,  "gabonensis"  should  read  "gabunensis." 
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A,  Four  check  nuts,  two  punctured  with  sterile  needle 
and  two  unpunctured.  B^  Four  nuts  inoculated  upon 
the  unpuncttu'ed  surface  of  the  hull.  C,  Four  nuts 
inoculated  after  puncturing  the  surface  of  the  hull  with 
a  sterile  needle.  Fig.  2. — ^Three  of  the  infected  nuts 
shown  in  figure  z  after  further  development  of  the 
acervtdi 338 

XXXIV.  Yellow  Newtown  apples  infected  by  needle  puncture  with 

conidia  of  the  anthracnose  fuzigus  from  pecan  and  apple, 
showing  appearance  four  days  after  inoculation.  Fig. 
A . — Check  apples  punctured  by  sterile  needle .  Fig.  B, — 
Apples  infected  by  needle  ptmctures  with  strain  Z50  from 
the  apple.  Fig.  C. — ^Apples  infected  with  strain  Z23  from 
a  diseased  pecan  hull.    Fig.  D. — ^Apples  infected  with 

strain  Z25  from  a  diseased  pecan  hull 338 

XXXV.  Yellow  Newtown  apples  infected  by  needle  ptmcture  with 
cotiidia  of  the  anthracnose  fungus  from  pecan  and  apple, 
showing  appearance  four  days  after  inoculation.  Fig. 
A . — Check  apple  ptmctured  by  sterile  needle.  Fig.  B. — 
Apple  infected  with  strain  Z25  from  the  pecan  nut. 
Fig.  C. — ^Apple  infected  with  strain  Z23  from  the  pecan 
nut.  Fig.  D. — ^Apple  infected  with  strain  Z50  from  the 
apple.  Fig.  £. — ^Apple  infected  with  strain  Z46  from  the 
pecan  leaf.  Fig.  F, — ^Apple  infected  with  strain  Z58,  a 
reisolation  of  strain  Z25  after  passage  through  the  apple . .  338 
XXXVI.  Crown-gall  (caused  by  Bacterium  tumefaciens  Sm.  and 
Town.)  on  pecan  ntu-sery  trees  from  southern  Mississippi. 
Fig.  z.—The  soft  type  of  gall.  Fig.  2. —The  hard  type  of 
gall 338 
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Plats  XXXVII  (colored;.  Fig.  A  .—A  pecan  leaflet  infected  with  the  biown 
leaf-q)ot  fungus  (Cercosporafusca,  emend,  sp.)  from  pure 
culture.  Fig.  B. — ^A  pecan  leaflet  infected  with  the 
anthracnose  fungus  (Glomerella  cingulaia  (Stonem.)  S. 
and  V.  S.)  from  pure  culture.  Fig.  C. — View  of  upper 
surface  of  a  pecan  leaflet  recently  infected  with  the 
ttursery-bl^ht  fungus  (PkyUosUcia  caryae  JPeck)  from 
pure  culture.  Fig.  D, — A  pecan  kernel  infected  with 
the  kemel<8pot  fungus  {Coniothyrium  caryoggnum,  n.  sp.) 
from  a  pure  culture,  showing  the  appearance  eight  days 
after  inoculation.  Fig.  E. — ^A  pecan  kernel  with  the 
kernel-spot  from  natural  infection.  Fig.  F. — A  pecan 
nut  infected  with  the  anthracnoee  fungus  from  pure  cul- 
ture. Fig.  G. — ^The  nursery-blight  fungus  upon  syn- 
thetic agar  after  two  weeks.  Fig.  H. — ^The  nursery- 
blight  ftmgus  on  oom-meal  agar  after  two  weeks.  Fig. 
/. — Viewsof  the  upper  and  lower  surfacesof  pecan  leaflets, 
showing  an  advanced  stt^  of  the  nursery-blight.  Fig.  /. — 
The  brown  leaf -spot  fungus  on  synthetic  agar  after  four 
weeks.  Fig.  K. — ^The  brown  leafspot  fungus  on  corn- 
meal  agar  after  four  weeks 338 

XXXVIII.  An  oak  (Quercus  gambeUi)  inoculated  with  Diplodia  longis- 

pcra  at  X  when  dormant ) 346 

XXXIX.  Injury  caused  by  potato  weevils.  Fig.  i. — ^A  section  of  a 
potato  from  Peru,  lowing  the  larva  of  Rhigopsidius  tucu- 
mamu  in  its  burrow.    Fig.  2. — ^A  section  of  a  potato, 

showing  the  burrowingsof  Rhigopsidius  Utcumanus 35a 

XL.  Rhigopsidius  tucumanusHslla,    Fig.  i. — Dorsal  view.  Fig. 

2. — ^Ventral  view 352 

XLI.  Figs.  I  and  2. — Premnoirypes  solani  Pierce.    Fig.  i. — Dorsal 
view.    Fig.  2. — ^Ventral  view.    Fig.  3. — Trypopremnon 

latithorax  Pierce.    Dorsal  view 352 

XLII  (colored).  Sketch  map  sbovnng  the  distribution  and  relative 
areas  of  the  different  types  of  vegetation  in  Tooele  Val- 
ley, with  detail  showing  depressions  covered  with  salt- 
flat  vegetation  alternating  with  ridges  bearing  greasewood- 

shadscale  vegetation 418 

XLIII.  Fig.  I.— Salt-flat  vegetation  bordering  Great  Salt  Lake  with 
a  greasewood-shadscale  ridge  in  the  foregrotmd,  a  pure 
stand  of  Salicomia  uiahsnsis  at  the  right  and  hummocks 
covered  with  Allenrolfea  ocddentalis  in  the  background. 
Fig.  2. — Sagebrush   association  and  islands  of  Kochia 

vegetation  in  the  upper  part  of  Tooele  Valley 418 

XLIV.  SegiehnL^  (Artemisia  trideniata).  Fig.  i. — A  good  stand  and 
growth,  showing  the  typical  appearance  of  this  association 
where  the  conditions  are  relatively  favorable.  Fig.  2. — 
Plants  showing  the  toot  habit;  photographed  at  the  edge 
of  a  deep  "  arrayo ' '  where  the  soil  had  recently  caved  in . .  418 
XLV.  Fig.  z. — Sagebrush  land  which  has  recently  been  burned 
over,  showing  scattered,  dead  plants  of  Artemisia  trideip- 
fata  (no  living  ones),  a  dense  growth  of  the  annual  grass 
Bromus  Ucforvm,  and  scattered  plants  of  Guiierrezia 
saroihrae.  Fig.  2. — ^An  advanced  stage  in  succession  on 
sagebrush  land  which  has  been  under  cultivation,  with 
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numencms  young  plants  of  Artemuia  iridentata  and  a 
dense  herbaceotis  ooyering  of  Bromus  teciorum  and  alfilaria 
(Erodium  cicutarium).   Fig.  3. — Sagebrush  reestablished 
on  land  which  has  been  in  cultivation  and  the  original, 

undisturbed  sagebrush  vegetation 418 

Platb  XLVI.  Fig.  z. — ^Lineof  contact  between  the  sagebrush  association 
and  the  Kochia  association^  showing  the  characteristically 
sharp  demarcation  of  the  two  types.  Fig.  a.— A  tjrpical 
view  of  the  Elochia  association,  with  plants  rather  far 
apart  and  very  uniform  in  size  and  appearance.  Fig.  3 . — 
Plants  of  Kochia  visiita,  4  or  5  inches  hij^,  and  the  grass 
Poa  sandbergii,  which  is  usually  associated  with  the  Ko- 
chia in  land  that  is  not  grazed 4x8 

XLVII.  Fig.  I. — Typical  ahadscale  vegetation,  consistiift^of  a  nearly 
pure  stand  of  Atriplex  anrferHfoUa,  showing  much  dead- 
wood,  as  is  usually  the  case,  but  the  stand  is  denser  than 
in  much  of  the  area  occupied  by  this  association. 
Fig.  s.—Transition  area  between  the  ahadscale  and  the 
greasewood-flhadscale  types  of  vegetation.  Fig.  3. — Salt 
grass  (DisHchlis  spicata)  covering  the  whole  of  the  depres- 
sion to  the  right  with  the  exception  of  a  colony  of  Allen- 

rolfea  in  the  middle  distance 418 

XLVIII.  Fig.  z. — Salt-flat  vegetation,  Alleniolfea  community. 
Fig.  s.— Salt-flat  vegetation,  showing  plants  of  SaUcomia 
uiahensis.  Fig.  3. — Gras»-flat  vegetation,  Spofobolus- 
Chrysothamnus  community,  showing  a  species  of  rabbit 

brush,  associated  with  tussock  grass 418 

XLIX.  Ciiroptis  SckweitifurtkU  grafted  on  grapefruit  stock  (Citrus 

decumana),  showing  vigorous  growth  nuule  in  aK  years. .  436 
L.  Fig.  z. — ^Yellow  Bellflower  apple  tree  in  full  bloom  on 
April  z6,  ZQza,  showing  effect  of  spraying  with  a  solution 
tion  of  nitrate  of  soda  pltis  caustic  potash  on  February 
2  previous.  Fig.  a. — ^Unsprayed  check  tree  for  com- 
parison with  figure  z 444 

LI.  Fig.  z. — ^A  branch  horn  a  Yellow  Bellflower  tree  in  full 
bloom  on  April  zo,  Z9Z3,  showing  the  effect  of  spraying 
with  a  solution  of  ziitrate  of  soda  plus  caustic  soda  on 
February  3  previous.    Fig.  a. — ^A  branch  from  an  un- 

sprayed  check  tree  for  comparison  with  figure  z 444 

LI  I.  Fig.  I. — Split  radial  face  of  a  cteosoted  hickory  block, 
showing  tyloses  in  a  large  vessel.  Fig.  a. — ^Tangential 
section  of  Atsculus  octandra  (yellow  buckeye),  showing 
two  tyloses  which  have  grown  out  of  one  medullary-ray 
parenchyma  cell.  Fig.  3. — Cross  section  of  valley  oak, 
a  white  oak,  showing  youzig  tyloses  next  the  bark  in 

vessels 470 

LIII.  Fig.  z. — Cross  section  of  a  white  oak,  showing  fully  devel- 
oped tyloses  in  the  large  vessels.  Fig.  a. — ^Radial-lon- 
gitudizial  view,  quarter-sawed  surface,  of  the  white  oak 
shown  in  figure  z,  showing  complete  closing  of  the  vessel. 
Fig.  3.— -Cross  section  of  sapwood  of  pignut  hickory, 
showing  fully  developed  tyk)8es.  Fig.  4.~Radial  view 
of  mesquite,  showing  "gum"  droplets  and  formation 
often  stimulating  tyloses 470 
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'PuATB  I4TV,  Cross  section  of  cow  oak,  a  white  oak,  showing  nonnal  and 

abnonnal  tyloses.  Fig.  x. — ^Wound  tyloses  induced  by 
the  felling  of  the  tree  and  the  sudden  cessation  of  sap 
flow.    Fig.  2. — ^No  tyloses;  empty  vessels.    Fig.  3. — 

Young  and  well-developed  nonnal  tyloses 470 

LV.  Fig.  z. — Cross  section  of  a  diffuse  porotis  wood,  yellow  pop- 
lar or  tulip,  showing  scattered  tyloses.  Fig.  2. — Cross 
section  of  a  ring  porous  wood,  osage  orange,  with  va^- 
centric  parenchyma,   showing  abundantly   developed 

tyloses 470 

LVI.  Pig.  z. — Cross  section  of  western  white  pine,  showing  ray 
tyloses,  closed  vertical  resin  canal  in  young  sapwood,  and 
nuclei  visible  in  epithelial  cells  of  canal  which  is  begin- 
ning to  split  open.  Fig.  a. — ^Tangential  section  ai  Nor- 
way pine,  showing  ray  tyloses 470 

LVII.  Fig.  z. — Cross  section  view  of  shortleaf  pine,  showing  open 
and  partly  closed  vertical  resin  canals.  Fig.  3. — ^Heart- 
wood  of  Sitka  spruce,  showing  closed  vertical  canal 470 

LVIII.  Open  and  ck)sed  horizontal  canals  in  sapwood.  Fig.  z. — 
Open  canal  in  tamarack.  Pig.  2. — Partly  closed  canal 
with  distended  epithelial  cells  in  Douglas  flr.  Fig.  3. — 
Young  canal  which  has  never  opened  in  western  white 
pine.  Fig.  4. — Open  canal  in  red  spruce  surrounded  by 
thick-walled  epithelium.  Fig.  5. — Partly  closed  canal 
in  red  spruce.    Fig.  6. — Closed  canal  in  Engelmann 

spruce 470 

UX.  Fig.  z. — ^Log  from  collection  of  woods  in  the  Forest-Products 
Laboratory— a  specimen  of  the  material  used  in  this  study. 
Fig.  2. — Specimens  of  woods  showing  creosote  penetrance 
in  sapwood  and  heartwood  as  affected  by  tyloses.  Speci- 
men A. — ^Redoak.   Specimen  B. — ^Whiteoak.    Specimen 

C. — ^Pignut  hickory 470 

LX.  Fig.  z. — ^River  birch  with  bark  removed,  showing  larval 
mines  of  Agromyta  pruinosa.  Fig.  3. — Section  through 
wood  of  river  birch,  showing  "pith-ray  flecks"  produced 

by  the  work  of  Agromyta  pruinosa 474 

LXI.  Fig.  z. — Agromyta  pruinosa:  Larva  and  details.  Fig.  2. — 
Agromyta  pruinosa:  Pupa.  Fig.  3. — Agromyta  pruinosa: 
Adult  male.  Fig.  4. — Agromyta  pruinosa:  Abdomen  of 
adult  female,  showing  ovipositor.    Fig.  5. — Sympha  agro- 

mytoi:  Adult 474 

LXII.  ^.  z. — ^Wheat  seedlings  from  seed  inoculated  with  spores 
of  Htlminihosporium  gramineum  and  from  seed  exter- 
nally sterilized.  Fig.  2, — ^Barley  seedlings  from  seed 
inoculated  with  Hehnintkosporium  gramineum  and  from 
sterilized  seed.  Fig.  3. — Wheat  seedlings  from  seed  in- 
oculated with  spores  of  Fusarium  culmorum  from  oat 
seedlings  and  horn  seed  externally  sterilized.  Fig.  4. — 
Barley  seedlings  from  seed  inoculated  with  spores  of 
Fusarium  culmorum  from  oat  seedlings  and  horn  seed 
externally  sterilized.  Fig.  5. — Oat  seedlings  from  seed 
inoculated  with  spores  of  Fusarium  culmorum  horn  oat 
seedlings  and  tom  seed  externally  sterilized 490 
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Plats         LXIII.  Root  systems  of  wheat  seedlings  giown  in  6-inch  pots  from 
seed  externally  sterilized  and  from  seed  inoculated  with 
HelnUfUhosporiwm  gramineum  from  wheat 490 

TSXT  FIGURES 

Citrus  Ichangensis,  a  Promising,  Hardy,  New  Species  from  Southwestern 
Giina  and  Assam. 
Fig.  I. — Citrus  ichangensis,  n.sp.:  A,  Pistil  after  the  petals  and  stamens 
have  dropped  but  before  the  style  has  fallen  off;  B,  stamen  as 
seen  from  one  side ;  C,  two  seeds  deformed  by  mutual  pressure . .  i 

2.— Citrus  ichangjtnsis,  n.  sp.:  Fruit  showing  the  very  low,  broad, 

apical  papilla  circumscribed  by  a  shallow  furrow 2 

3  .^-Citrus  ichangensis,  n.  sp .  M ,  Cross  section  of  a  large  fruit ;  B ,  seeds . .  3 

4.— Citrus  ichangensis:  A ,  Calyx  of  dwarf  wild  form  and  pedicel  with 

bracts;  B,  young  ruit;  C,  flower  bud  and  pedicel  with  bracts. .  4 

5. — Citrus  ichangensis:  Flowering  branch  from  the  type  specimen 5 

6. — Citrus  ichangensis:  Flowering  branch  of  dwarf  wild  form 6 

7. — Citrus  ichangensis:  Flowering  branch  from  a  paratype  in  the  her- 

baritmi  of  the  Arnold  Arboretum 7 

Cysticercus  Ovis,  the  Cause  of  Tapeworm  Cysts  in  Mutton: 

Fig.    I. — Cysticercus  ovis:  Hooks 17 

2. — Cysticercus  ovis:  Head  and  neck ig 

3. — Cysticercus  ovipariens  (=C.  ovis):  Fragment  of  head 19 

4. — Cysticercus  ovipariens  l=C.  ovis):  Hooks ig 

5. — Cysticercus  ovipariens  (=C  ovis):  Papillae  on  caudal  bladder. .  .  29 
6. — Hooks  of  Taenia  ovis,  T,  hydaiigena,  1,  solium,  T.  halaniceps,  and 

T.  krabbei 30 

7. — Sexually  mature  segment  of  Taenia  ovis 31 

8. — Sexually  mature  segment  of  Taenia  hydatigena 31 

9. — Gravid  segment  of  Taenia  ovis 3a 

10. — Gravid  segment  of  Taenia  hydatigena 3a 

II. — Surface  of  caudal  bladder  of  Cysticercus  ovis  showing  papillae. .  33 
12. — Surface  of  caudal  bladder  of  Cysticercus  tenuicollis  showing  trans- 

versefunows 33 

13. — Cysticercus  ovipariens  (=C.  ovis):  a.  Hook;  b,  cyst  containing 

cysticercus  cut  across 38 

The  Serpentine  Leaf-Miner: 

Fig.    I. — ^The  serpentine  leaf -miner  {Agromyza  pusilla):  o.  Adult;  6,  side 

view  of  head;    c,  side  view  of  thorax,  showine  characteristic 

color  pattern;  d,  dorsal  view  of  abdomen,  melanic  phase;  e, 

outline  of  thorax,  showing  location  of  characteristic  bristles. . .        59 

2. — ^Map  showing  known  distribution  of  the  serpentine  leaf -miner 

tnioughout  the  world 61 

3. — ^Map  showing  distribution  of  the  serpentine  leaf -miner  within  the 

United  States 62 

4. — ^Alfalfa  leaf  with  eggs  of  the  serpentine  leaf-miner  in  si  tu.    a.  Egg, 
greatly  enlarged;    6,  same,  in  situ,  with  parenchyma  of  leaf 

partly  dissected  away 66 

5. — ^L^a  of  the  serpentine  leaf -miner,  lateral  view 68 

0. — Puparium  of  the  serpentine  leaf-miner,  ventral  view 68 

7. — Mouth  armature  of  larva  of  the  serpentine  leaf -miner 70 

8. — Diagram  showing  the  range  in  temperature  throughout  the  year 
at  three  widely  separated  localities  at  which  observations  were 

made  on  the  serpentine  leaf-miner 73 

9 . — DiauUnus  beaini,  a  parasite  of  the  serpentine  leaf -miner .    At  left, 

hind  leg  oJt  DiauUnus  websteri 78 

10. — Larva  of  Dfou/tnii^  begini 79 

II. — Pupa  of  DiauUnus  begini 79 

12,— Chrysocharis  farksi,  a  parasite  of  the  serpentine  leaf -miner,    o. 

Middle  and  hind  legs  of  Chrysocharis  ainsUei 80 

13. — Zagrammosoma  muUiUneaia,  a  parasite  of  the  serpentine  leaf- 
miner 81 
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Fig.  14. — Pleurotropis  mgositkor^x,  a  parasite  ol  the  serpentine  leaf-miner.  81 

;. — Agromyza  angulata 84 

-Puparitim  of  Agromyza  angulata^  witli  lateral  view  of  anal  appen- 

d^^es  at  left 84 

17. — Agromyza  cofuilletti 8$ 

Tlie  Occurrence  of  a  Cotton  Boll  Weevil  in  Arizona: 

Fto.  I. — ArUhonomus  grandis,  var.  ihurhmae:  Frothorax 91 

2. — Anthonomus  grandis  Boh. :  Ptothorax 91 

3. — Anthonomus  grandis,  var.  tkurberiae:  Head  and  beak:  A,  Female; 

B,  male 93 

4. — Anthonomus  grandis  Boh.:  Head  and  beak:  A,  Female;  B,  male.        9a 

5. — Anthonomus  grandis ,  var.  tkurberiae:  Antenna  of  female 93 

6. — Anthonomus  grandis  Boh.:  Antenna  of  female 93 

7. — Anthofunnus  grandis,  var.  tkurberiae:  A,  Front  leg;  B,  middle  leg; 

C,  hind  leg 94 

8. — Anthonomus  grandis  Boh.:  A,  Front  leg;  B,  middle  leg;  C,  hind 

leg 94 

9. — Anthonomus  grandis,  var.  tkurberiae:  Wing 95 

Individual  Variation  in  the  Alkaloidal  Content  of  Belladonna  Plants: 

Flo.  X. — Dia^m  showing  the  peroents^e  of  alkaloids  in  the  leaves  of  indi- 
vidual belladonna  plants  at  the  Arlington  Experimental  Farm, 
Va.,  during  the  seasons  of  1911  and  191a 144 

The  Pubescent-Fruited  Species  of  Prunus  of  the  Southwestern  States: 

Fio.  I. — Map  of  the  southwestern  part  of  the  United  States,  showing  the 
range  of  Prunus  andersonii,  Prunus  fasci€uiata,  and  Prunus 
eriogyna,  n.  sp 149 

2. — ^Map  of  Texas,  showing  the  known  areas  and  probable  range  of 

Prunus  minutiflora  and  Prunus  texana 151 

3. — Prunus  texana  Dietr. :  A ,  Section  of  calyx ;  B,  detail  of  calyx  lobes, 
showing  glandular  margins;  C,  section  of  calyx  from  flower  of  the 
horticultural  variety  Ramsey,  P.  texana  X  Wild  Goose  plum. .      155 

4. — Prunus  andersonii  Gray:  A,  Petal;  B,  section  of  a  flower;  C,  calyx 

showing  ciliate  margins;  D,  E,  dried  fruit;  F,  G,  stone 165 

5. — Prunus  eriogyna,  n.  sp.:  A,  Section  of  calyx;  B,  detail  of  portion 
of  calyx  with  petals,  from  outside,  showing  glandular  ciliation 
of  lobes;  C,  twig  showing  angular  habit  of  branching,  leaves  and 
fruit  attached 169 

6. — Prunus  fasciculata  Gray:  A,  Section  of  staminate  flower,  showing 
abortive  ovary  and  minute  hairs  on  interior  of  calyx;  B,  calyx 
cup,  pistillate  form,  showing  abortive  stamens;  C,  detail  of  caljrx 
lobe;  D,  fecimdated  ovary;  E,  F,  G,  fruits,  three  forms;  H,  I,  J, 
seed,  dorsal,  ventral,  and  side  views 171 

7. — Prunus  minutiflora  Engelm. :  A,  Section  of  flower  of  pistillate  form, 
blowing  well-developed  pistil  and  abortive  stamens;  B,  section 
of  flower,  staminate  form,  showing  well-developed  stamens  and 
abortive  pistil;  C,  detail  of  calyx  k»bes  and  petals 173 

8. — Prunus  microphylla  Hems. :  A ,  Section  of  staminate  flower,  showing 
well-developed  stamens  and  abortive  pistil;  B,  detail  of  calyx 
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FOREWORD 

The  recent  cuivances  in  the  theory  and  practice  of  agriculture  have  come 
almost  entirely  from  scientific  research  applied  to  agricultural  problems. 
Accumulated  results  of  cetUuries  of  painstaking  studies  have  been  drawn 
upon,  and  it  has  become  evident  that  further  improvement  in  agriculture 
calls  for  continued  investigation  of  the  most  accurate  and  thorough  nature. 
The  first  recognition  of  the  economic  value  of  progress  in  these  investiga- 
tions as  well  as  the  initial  application  of  theories  to  practical  problems 
comes  usually  from  specialists.  Indeed,  only  in  rare  instances  is  the 
significance  of  the  results  of  scientific  research  apparent  to  farmers,  since 
neudy  discovered  facts  are  seldom  directly  applicable  to  agricultural 
conditions. 

The  suggestive  or  the  indirect  value  of  reports  of  new  work  is  usually 
of  paramount  economic  importance;  it  is  the  purpose  of  the  Journal  of 
Agricultural  Research,  therefore,  to  record  investigations  bearing  directly 
or  indirectly  upon  economic  conditions  of  agriculture.  It  is  hoped  that 
permanence  of  record  of  new  data  may  be  secured  by  sending  the  Journal 
in  its  entirety  to  special  libraries  and  institutions  which  make  suitable 
exchanges  and  that  a  liberal  distribution  of  the  reprinted  papers  to  inter- 
ested specialists  may  enhance  the  usefulness  of  the  separate  articles. 

The  first  few  issues  will  contain  papers  from  the  Department  of  Agri- 
culture only.  Plans,  however,  are  now  being  perfected  in  accordance  with 
the  tentative  suggestions  made  to  the  Secretary  of  Agriculture  by  the  execu- 
tive committee  of  the  Association  of  American  Agricultural  Colleges  and 
Experiment  Stations  so  that  articles  prepared  and  submitted  by  investi- 
gators in  the  State  agricultural  colleges  and  experiment  stations  will  eventu- 
ally be  included  in  the  Journal, 

B.  T.  GALLOWAY, 
Assistant  Secretary  of  Agriculture, 

Washington,  D.  C, 

October  i,  1913. 
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CITRUS    ICHANGENSIS,    A    PROMISING.  HARDY.  NEW 
SPECIES  FROM  SOUTHWESTERN  CHINA  AND  ASSAM 

By  Walter  T.  Swinolb, 

Physiologist  in  Charge  cf  Crop  Physiology  and  Breeding  Investigations, 

Bureau  of  Plant  Industry 

INTRODUCTION 

A  study  of  the  wUd  relatives  of  the  orange  begun  a  few  years  ago  in  the 
hope  of  finding  new  material  for  use  in  hybridization  or  as  stocks  has 
restilted  in  bringing  to  light  a  number  of  very  interesting  wild  species, 
some  of  them  new  and  many  of 
them  very  little  known.     One  of 
the  most  remarkable  of  these  is 
a  wild  Gtrus,  native  to  south- 
western China.     This   species  is 
cultivated  in  the  vicinity   of 
Idiang,  and  it  bears  a  very  large 
lemonlike  fruit  that  is  of  suffi- 
ciently good  quality  to  cause  it 
to  be  shipped  to  markets  several  ^  C 

hundred  miles  distant.      It  grows     pio.  t.-CUms  idum^msu,  n.  sp.:  a,  PUUI  after  the 

wild  farther  to  the  north  and  at      f*f^?  "V*//"^'?  ^^  **"pp^.  ^"'  before  the 

«  •       «        «  ttyle  has  fallen  off;  from  a  pwatype  in  the  herbarium 

a  higher  altitude  than  any  other  ofthcAmoldArbotetum:£.H.WilsonNo.  aajoA; 

species  of  Citrus  and  is  Undoubt-  l*^?**  natural  rixe     f .  SUmena.  teen  from  one 

^                    t-      J           t_«                          •  aide;  from  a  paratyi)e  in  the  herbarium  of  the  Arnold 

edly  very  hardy,  which   makes  it  Arboretum;  E.  H.  Wil»onNo.  aajoA;  ai  times  natp 

of  great  promise  for  use  in  breed-      "^  •^  ^*  '^^  •^*  tH'^il'^.TT^I^ 

^  ^  sure;  from  a  paratype  in  the  National  Herbarium; 

ing    cold-resistant    citrous   fruits.        a.  Henry  No.  34*3  (?).  botUe  A;  natural  size. 

Because  of    its   unusually   large      <i>~'~byj.M.shuii.) 
seeds  it  promises  to  yield  very  vigorous  seedlings  and  to  be,  in  conse- 
quence, a  useful  stock  on  which  to  graft  oranges,  lemons,  and  other 
cultivated  species  of  the  genus. 

Mr.  Augustine  Henry  collected  excellent  material  of  this  species 
around  Ichang,  China,  from  1885  to  1888.  His  specimens  are  found  in 
many  herbaria  under  the  name  ''Citrus  medica  L.,  var."  The  best 
specimens,  however,  are  those  collected  by  Mr.  E.  H.  Wilson,  first  in 
1900  to  1903  for  Veitch  &  Sons,  and  again  in  1907  for  the  Arnold 
Arboretum,  this  latter  material  comprising  an  abundance  of  flowering 
specimens,  young  fruits,  and  also  ripe  fruits  in  alcohol. 
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The  director  of  the  Arnold  Arboretum,  Prof.  C.  S.  Sargent,  has  very 
kindly  turned  over  to  the  writer  all  this  valuable  material.  Thanks  are 
also  due  to  Mr.  £.  H.  Wilson  for  furnishing  very  full  notes  about  his 
spedmens  and  for  his  observations  on  the  use  of  this  species  as  a  substitute 
for  the  lemon. 

In  China  this  species  occurs  in  an  undoubted  wild  state  in  the  hills  of 
the  Upper  Yangtze  Valley  from  Ichang  west  and  southwest  in  Hupeh, 

Szechwan,  and  Kweichow, 
growing  at  altitudes  of 
1,500  to  6,000  feet.  In 
Assam  a  closely  related 
but  slightly  different  form 
is  found  at  an  altitude  of 
5,000  to  6,000  feet  in  the 
Khasi  Hills.  Doubtless 
other  similar  forms  occur 
to  the  eastward  in  that 
province  and  in  Upper 
Burma  as  well.  The  spe- 
cies thus  ranges  over  a 
region  at  least  1,500  miles 
long  and  some  500  miles 
wide. 

This  plant  is  reported 
in  all  parts  of  its  range  as 
growing  in  a  truly  wild 
state  and  is  cultivated  on  a 
small  scale  around  Ichang 
along  the  Yangtze  River, 
where  the  fruit  is  called 
the  *' Ichang  lemon"  by 
foreigners. 


Fio.  2.— Citrus  ichangensis,  n.  sp.:  Fruit  showing  the  very  low, 
broad,  apical  papilla  drcumjcribcd  by  a  shallow  furrow;  from 
a  paratype  in  the  National  Herbarium ;  B.  H.  Wilson  No.  4736; 
natural  size.    (Drawn  by  J.  M.  Shull.) 


TECHNICAL  DESCRIPTION  OF  CITRUS  ICHANGENSIS 

Citrus  ichangensis  is  strikingly  unlike  any  other  Citrus  native  to  China 
and  is  easily  distinguished  from  all  its  congeners.  Its  technical  descrip- 
tion is  as  follows:^ 

1  Citrus  ichangensis,  sp.  nov.— Citrus  foliis  augustis,  latitudine  4  plo  vel  6  plo  longioribus,  petiolis 
atealatis,  obovatis  vel  oblongis  ad  basin  abrupteattenuatis,  laminisovato-actuninatls,  vix  petiolis aequanti- 
bus.floribusgrandibus.s-meris,  itaminibus  ao,oonnatis,  polyadelphiis,  seminibus  numerosis.  grandibus. 

Frutez  vel  arbor  x-zo  metralis  (plerumque  x-5  met.);  rami  juniores  angulati  saepe  spinosistmi,  3-4  mm. 
diameter.  Folia  angusta,  60-Z35X 15-33  mm.  (plerumque  80X  z Z5-Z0-30  mm. ).  petiolis  late  alatis,  laminis 
aaepe  aequantibus  vel  superantibus,  obovatis  eiliptids  vel  oblongo-spathulatis  ad  basin  abrupte  attenuatiB, 
spice  regulariter  rottmdatis  vel  truncatis  vel  suboordatis;  laiziinisovato-acuznizuitis  plus  zziinusve  caudatis 
spice  leviter  emargiiuitis,  ad  basin  regulariter  rotundatis  vel  obtuso-cuneatis.  Plores  grandes,  ao-35  mm. 
diam.,  5-meri,  solitarii,  axiUsrii;  pedicellis  3-5  mm.  longls,  calydbus  sepalis  crassb  subtriangularibus, 
3X3  mm.,  margine  zninute  dliatis;  petalis  oblongis  15-20X5-8  mm.,  staminibus  ao,  connatis,  usque  ad 
sptoem  ocliaerentibus,  polyadelphiis  in  f asdcuUs  3-5,  S-zo  nun.  longis,  stylis  3-4XZK  mm.,  csduds;  stig* 
matibus  a-aH  mm.  longis.  3  mm.  Utis ovariis  paullo minoribus.  ovariis  3X3  mm.,  8-z z-locularibus.  Pructus 
grandis,  7-zocm.  X9-zocm.,ovalis.adbasintuberculato-8ulcatus,apicecumpapillamagzu  vix  prominenti, 
sulco circulari  plus  minusve  as  zzim.  diam.  circumdata,  cortice  crasso  7-9  oua.  diam. :  segmentis  8-zz,  pulpa 
vesiculari  adds,  seminibus  grandibus  z5-aoXzo-z4X7-zz  m>n.  ovsto-scutis,  polyembryonids,  40-70  in 
fructusinguk). 
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Citrus  ichangtmim  Swingle. 

A  spiny  dirub  or  smsll  tree  nmtslly  5  to  15  feet  high.  Leaves  narrow,  4  to  6  times 
longer  than  wide,  mostly  80  to  1x5  by  x8  to  30  mm.,  with  very  large  broadly  winged 
obovate  or  obkmg  spatulate  petioles  evenly  rounded  at  the  tip  and  narrowed  abruptly 
at  the  base,  usually  35  to  60  by  ao  to  30  mm.;  with  ovate-acuminate  laminae  more  or 
less  caudate,  emargmate  at  the  tip  and  evenly  rounded  or  bluntly  pointed  at  the 
base,  usually  30  to  60  by  z8  to  30  mm.,  often  not  equaling  the  winged  petiole  in  area. 
Flowers  about  25  mm.  is  diameter,  5-merous;  stamens  20,  at  first  all  connate  to  the 
tips,  finally  breaking  up  into  several  bundles,  about  zo  mm.  kmg.    Pistil  about  xo  mm. 


FW.  i.—CHrus  kkamnnns,  n.  sp..  f ram  pontypct  in  the  National  Herbarium:  B.  H.  Wibon  No.  4737: 
A .  Cross  section  of  a  large  fruit;  natural  size.    B,  seeds;  natural  size.    (Drawn  by  J.  P.  Brewer.) 

long;  stigma  nearly  as  large  as  the  ovary;  style  short,  caducous;  ovary  8  to  11  celled; 
ovules  numerous  in  each  cell.  Fruit  large,  slightly  oval,  8  to  11  by  7  to  10  cm.,  with 
a  rough  and  furrowed  base  and  a  broad  very  low  papilla  at  the  tip,  about  25  mm.  in 
diameter,  circumscribed  by  a  shallow  fturow;  peel  rather  rough,  6  to  zo  mm.  thick. 
Segments  8  to  11,  nearly  half  filled  with  seeds;  pulp  vesicles  fusiform,  8  to  X2  by 
2  to  4  mm.  on  stalks  2  to  8  mm.  long.  Seeds  very  large,  usually  x6  to  18  by  11  to  xa 
by  7  to  10  mm. ,  more  or  less  angular  from  mutual  pressure,  40  to  70  per  fruit,  polyem- 
bryonic;  cotyledons  thick  and  fleshy.    (See  PI.  I  and  figs  x  to  7.) 
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This  species  differs  from  its  congeners  in  having  very  large  thick  seeds  and  slender 
leaves  four  to  six  times  longer  than  broad,  with  very  large,  winged  petioles  often  as 
large  or  larger  than  the  blade.  It  differs  from  Citrus  histrix  DC.  in  having  oblong 
rather  than  triangular  winged  petioles  and  much  larger  flowers  with  connate  stamens. 


Distribution:  Cbntral  and  Southwestern  China,    i.  Hupbh  Province* 

Ich'ano  Prefecture.— Vicinity  of  Ich'ang.  A.  Henry,  No.  3423,  1887  (?), 
"Thorny  bush  4  ft.,  white  fbwers;  in  a  wild  jimgly  place;  a  wild  plant." 
Flowers,  Kew,  Paris  (Museum),  Dahlem,  Harvard  (Gray  Herbarium),  Washington, 
D.  C.  (National  Herbarium);  A.  Henry,  " Bottle  A,"  "  fruit 
from  same  shrub  as  3423,"  1887  (?);  twigs  and  fruits,  Kew; 
seeds  (fig.  i,  C),  Washington,  D.  C.  (National  Herbarium). 
Pingshan  Pa  (in  Ich'ang  George,  10  km.  [6>^  miles]  north- 
west of  Ich'ang),  E.  H.  Wilson,  No.  4736  (small  fruit,  see 
fig.  2),  No.  4737  (large  fruit,  fig.  3),  November,  1907,  fruits 
only  (in  spirits)  from  cultivated  trees.  Harvard  (Arnold 
Arboretum),  Washington,  D.  C.  (National  Herbarium). 
Ch'angyang  (25  km.  [isH  miles]  south-southwest  c^  Ich'ang), 
A.  Henry,  No.  7695,  no  date.  "Shrub  6  to  7  ft.,"  fruits, 
Kew,  sterile  twigs,  Harvard  (Gray  Herbarium);  Nanto  (20 
km.  [12K  miles]  northwest  of  Ich'ang),  E.  H.  Wii,soN,  No. 
202,  April  25,  1900,  flowers,  Kew,  Dahlem,  Harvard  (Arnold 
Arboretum),  New  York  (Botanical  Garden).  San-Yu-Tung 
Glen,  10  li  [4  miles]  from  entrance  (13  km.  [80X  miles] 
northwest  of  Ich'ang),  E.  H.  Wn^ON,  No.  2230B,  July, 
1907,  "  bushy  tree,  15  ft.,  ctdtivated. "  Fruits  (see  fig.  4,  B), 
Harvard  (Arnold  Arboretum).  Also  eight  duplicate  speci- 
mens for  distribution.  Hsingshan  District  (about  17  km. 
[loX  miles]  southeast  of  Hsingshan),  10  li  (5.8  km.  or  4 
miles)  below"  Liang-Shan-Kou "  (altitude  1,500  to  2,000 
ft.),  E.H.  Wilson,  No.  2230,  May  7, 1907,'  "bush,  3  to  5ft., 
flowers  white,  ravine,' '  flowers.  Harvard  (Arnold  Arboretum) 

2  sheets.^  (Also  8  duplicate  specimens  for  distribution.)  Hsingshan  Districti  about 
14  km.  north-northwest  of  Hsingshan,  8  li  (4^^  km.  or  3^  miles)  beyond  "  Li-Er-Kou" 
(altitude  4,200  ft.),  E.  H.  WiwoN,  No.  2230A,  May  15,  1907,  "Citrus,  bush  or  tree, 

3  to  20  ft.,  flowers  white,  escaped  from  cultivation,  roadside,"  flowers  (see  figs,  i, 
A  and  B,  and  4,  C),  Harvard  (Arnold  Arboretum).  Five  duplicate  specimens  for 
distribution. 


B 

Fio.  4.— Ct/ruj  ickangensis 
from  paratypes  In  the  her- 
barium of  the  Arnold  Ar- 
boretum: A,  Calyx  of 
dwarf  wild  form  and  pedi- 
cel with  bracU.  £.  H. 
Wilson  No.  3307,  natural 
size;  B,  young  fruit,  £.  H. 
Wilson  No.  33308,  natural 
size;  C,  flower  bud  and 
pedicel  with  bracts.  £.  H. 
Wilson  No.  aa3oA,  nat- 
ural size.  (Drawn  by 
Theo.  Holm.) 


1  The  geographic  names  in  China  are  in  southern  Mandarin  in  accordance  with  the  spelling  given  in 
L.  Richard's,  1908,  Comprehensive  Geography  of  the  Chinese  Empire  .  .  .  Revised  and  translated  into 
English  by  M.  Kennelly.    Shanghai,  p.  558-639. 

*  Mr.  Wilson's  diary  for  this  date  reads  as  follows:  *'In  ravine  gathered  specimens  of  a  wild  citrus  from 
bushes  3  to  5  ft.  tall,  growing  on  cli£fs  of  hard  limestone."  Photographs  of  this  ravine  taken  by  Mr.  Wilson 
nave  been  distributed  as  Nos.  025  and  033. 

*  One  twig  with  flowers  on  one  of  the  sheets  is  the  type  (see  PI.  I  and  fig.  s).  The  other  specimens  of 
this  same  number  resemble  the  type  very  closely,  and  some  of  them  very  probably  were  cut  from  the  same 
plant,  in  which  case  they  would  be  merotypes. 
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II.  Szschw'an  Provincb. 

Kw'mcHow  PRBFECTUiua.— Near  Wu  Shan  (35  km.  [aa  miles]  east  of  Kw'eichow), 
A.  HSNRY,  No.  7130,  no  date,  fruits,  Kew,  British  Museum,  Harvard  (Gray  Her- 
barium); Kw'eichow  Gorges:  Fang  Hsiang  Hsia  (Wind  Box  Gorge),  E.  H. 
Wilson,  No.  3307,  May  1903,  "2  to  3  ft.,  spontaneous,"  *  flowers  (see  figs.  4,  /I,  and  6) 
Kew,  Harvard  (Arnold  Arboretum). 


Fig.  S'^CUrus  ichangtnsu :  Plowering  branch  from  the  type  specimen;  B.  H.Wibon, 
No.  aajo;  i  natural  size.    (Drawn  by  J.  M.  Shull.) 

Ch'ung  K'ino  Prbfbcturb.— Nanchw'an  District  (about  75  km.  [47  miles]  south- 
east of  Ch'ungk'ing),  "Hou  Ts'ao  Kou,"'  A.  v.  Rosthorn,  No.  175,  July,  1891,  "in 
dense  woods,"  sterile  twigs,  Dahlem;  "Huang  Ai  Shan, "^  A.  v.Rosthorn,  No.  1264, 
sterile  twigs,  Dahlem. 

SuiTiNO  Prbfbcturb. — Ch'engk'ow  t'ing  (about  135  km.  [84  miles]  northeast  of 
Suiting),  R.  P.  Parobs,  no  date,  flowers,  Paris  (Museum). 

1  Wibon.  B.  H. .  X905,  referring  to  this  plant  and  locality,  says:  "  Citrus  Japonica, '  Kumquat. '  was  common 
BO  the  dx£Fs  and  evidently  spontaneous."    Card.  Chron.,  s.  3.  v.  38.  no.  969,  p.  65.  July  aa,  1905. 

<  Cf .  Diets,  L.,  Die  Flora  von  Central-China,  zgoo,  Bot.  Jahrb.  [Bngler],  Bd.  39,  Heft.  3/4,  p.  4a4''4as.  I>ec. 
4.  «9«>. 
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III.  KwBicHOW  Provincb. 

KwBiYANO  Prbpbcturb.— K'ai  Chow  (?)  (60  km.  [37  miles]  north-northeast  of 
Kweiyaag.  Altitude  5,577  ft.)*  M.  CAVALSim,  no  date,  young  fruit,  Paris  (Mus6um).^ 

DETAILED  DESCRIPTION  OF  UTRUS  ICHANGENSIS 

The  typical  Citrus  ichangensis  as  it  occurs  in  southwestern  China  is 
a  small  tree  or  a  large  shrub,  usually  5  to  15  feet  high  (1.5  to  5  meters), 
but  sometimes  reaching  20  feet.  It  also  occurs  wild  in  fruiting  condi- 
tion only  2  to  3  feet  high  on  the  cliffs  of  the  Yangtze  Gorges. 


Fio.  6.— Citrus  ichangtnsis:  Flowerinc  btancli  of  dwarf  wild  fonn;  B.  H.  Wilson 
No.  aajoA;  natural  size.    (Drawn  by  Theo.  Holm.) 

The  twigs  of  the  current  growth  are  2  to  4  mm.  in  diameter  and  con- 
spicuously angled,  as  is  common  in  Citrus.  The  spines  are  straight, 
usually  I  to  2  cm.,  sometimes  2  to  3  cm.  long,  and  2  to  3  mm.  in  diameter 
at  the  base;  they  occur  singly  at  one  side  of  the  axillary  buds.  (PI.  I 
and  figs.  6  and  7.)  Some  specimens  have  very  small  spines  or  none  at  all. 
A  few  nodes  at  the  base  of  the  twig  are  often  spineless. 

The  leaves  are  long  and  slender  and  remarkable  because  of  the  size  of 
the  winged  petiole,  which  is  sometimes  larger  than  the  blade.     The  leaves 

I  All  of  the  specimens  in  this  list  have  been  studied  by  the  writer  and  most  of  them  have  been  photo- 
graphed, so  all  are  to  be  considered  as  truly  paratypic. 
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Citrus  Ichangensis 


are  from  60  to  135  mm.,  generally  80  to  1 15  mm.  long,  and  from  12  to  32 
mm.,  mostly  18  to  30  mm.  ¥dde,  the  length  being  usually  four  or  five 


Fio.  j.^Citnu 


khoMomtis:  Flowering  branch  from  a  paratypc  in  the  hccbarhnn  of  the  Arnold  Arbote- 
tnm;  E.  H.  Wilson  No.  aajoA;  natural  size.    (Drawn  by  Theo.  Holm.) 


times  the  width.    The  winged  petioles  are  obovate  or  spatulate  oblong, 
rather  abruptly  narrowed  into  a  wingless  but  sometimes  marghied  base, 
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evenly  rounded  at  the  tip  or  sometimes  truncate  or  subcordate,  25  to 
72  by  12  to  33  mm.,  usually  35  to  60  by  20  to  30  mm.,  the  wingless 
basal  portion  being  4  to  5  mm.  long  and  i>^  to  2  mm.  in  diameter.  The 
blades  are  ovate  acuminate  or  elliptical  acuminate,  evenly  rounded  or 
very  bluntly  pointed  at  the  base  and  narrowed  into  a  more  or  less  aciuni- 
nate  or  caudate  apex,  which  is,  however,  abruptly  rounded  and  usually 
emarginate  at  the  very  tip,  20  to  66  by  13  to  30  mm.,  usually  30  to  60 
by  18  to  30  mm.  (See  PL  I  and  figs.  6  and  7.)  The  petioles  and 
laminae  have  rather  numerous  slender  secondary  veins  that  run  nearly 
parallel  and  rather  straight  almost  to  the  margin,  making  an  angle 
with  the  midrib  varying  from  about  45°  to  nearly  90°.  (See  fig.  5.)  The 
intemodes  are  12  to  30  mm.,  ustially  15  to  20  mm.,  long. 

The  flowers  are  borne  singly  in  the  axils  of  the  leaves  (alongside  of 
the  spine  when  present);  they  seldom  occur  at  the  end  of  the  twigs. 
The  flower  buds  are  cylindric  or  subcylindric,  with  a  hemispherical  tip  and 
a  tnmcate  base,  all  parts  being  very  prominently  glandular  dotted.  (See 
figs.  4,  6,  and  7.)  The  pedicels  are  short  and  slender,  4  to  6  mm.  long, 
I  to  2  mm.  in  diameter,  prominently  glandular  dotted,  with  a  few  very 
small  bracts  near  the  base.  The  cal)rx  is  fleshy,  4  to  6  mm.  in  diameter; 
the  sepals  are  subtriangular,  3  by  3  mm.,  thick  and  fleshy,  margins 
minutely  dliate.  The  corolla  is  white;  when  fully  open  it  is  about  25  to 
30  mm.  in  diameter,  with  cylindric-oval  petals  12  to  18  mm.  by  8  to  10 
mm.  wide,  and  20  stamens  8  to  10  mm.  long  cohering  almost  the  whole 
length  but  separating  into  a  few  bundles  in  fully  developed  flowers.  The 
anthers  are  2  to  3  by  i  to  i>^  mm.  m  size.  The  pistil  is  about  10  mm. 
long,  stout,  on  a  cushionlike  disk  2}4  mm.  high  and  4  mm.  in  diameter, 
with  a  subglobose  ovary  4  by  4  mm.  The  style  is  stout,  4  mm.  long,  i  to 
I  %  mm.  in  diameter,  caducous,  leaving  a  very  short  basal  portion  attached 
to  the  fruit.  The  stigma  is  large,  subglobose,  2  to  3  mm.  in  diameter, 
almost  as  large  as  the  ovary,  which  is  8  to  11  celled,  with  numerous 
ovules  in  each  cell.     (See  fig.  i ,  A.) 

The  fruits  are  subglobose,  slightly  longer  than  wide,  8  to  11  cm.  {7>H  to 
4>^  inches)  long,  7  to  10  cm.  (2^  to  4  inches)  in  diameter,  with  a  wrinkled 
and  furrowed  base  and  an  inconspicuous,  very  low,  and  broad  papilla  at 
the  top,  tipped  with  the  persistent  base  of  the  style  and  delimited  by  a 
shallow  circular  furrow,  making  a  circle  about  20  to  35  mm.  in  diameter, 
usually  25  to  30  mm.  (See  fig.  2.)  The  fruits  look  like  very  large, 
short  and  thick  lemons. 

The  peel  is  rather  rough,  resembling  that  of  a  large  lemon,  6  to  10  mm. 
thick,  usually  7  to  9  mm.  There  are  from  8  to  11  segments.  In  a  large 
ii-celled  fruit  (Wilson  No.  4737)  the  segments  are  72  mm.  long,  25  to 
35  mm.  wide,  and  20  mm.  thick;  in  a  small  8-celled  fruit  (Wilson  No. 
4736)  from  the  same  locality  they  are  60  mm.  long,  25  mm.  wide,  and 
18  to  22  mm.  thick. 
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The  pulp  vesicles  axe  fusiform,  pointed  at  both  ends,  8  to  12  by  2  to  4 
mnL,  rardy  reaching  18  mm.  in  length,  on  a  slender  stalk  2  to  8  or  rarely 
10  mm.  long,  attached  to  the  dorsal  ovary  wall  and  also  along  the  periph- 
eral half  of  the  membrane  dividing  the  segments.  The  core  is  solid,  6  to 
10  mm.  in  diameter,  more  or  less  stellate  in  cross  section  because  of  the 
tiridening  of  the  membranes  at  their  attachment.  The  center  of  the 
core  is  less  solid  than  the  periphery,  where  there  are  small  groups  of  fibro- 
vascular  bundles  opposite  the  attachment  of  each  membrane. 

The  seeds  are  very  large,  light  brown  in  alcoholic  material,  very 
nmnerous,  from  40  to  70  in  a  single  fruit  and  from  4  to  10  in  a  segment. 
Usually  from  4  to  6  large  seeds  and  sometimes  one  or  more  small  ones 
occur  in  a  segment.  The  seeds  are  cuneate  ovate  in  outline  seen  from 
above  and  oval  or  subquadrangular  seen  from  the  side,  15  to  20  mm. 
long,  10  to  14  mm.  wide,  7  to  11  mm.  thick,  mostly  16  to  18  by  11  to 
12  by  7  to  10  mm.,  with  a  straight  edge  6  to  8  mm.  long  where  attached 
to  the  placenta.  (See  fig.  3,  A  and  B.)  They  have  a  dark-brown  cap 
8  to  10  mm.  in  diameter  at  the  base;  the  outer  seed  coat  is  thick,  tough, 
and  cartaceous,  while  the  inner  coat  is  thin  and  silky.  The  seeds  of  the 
wild  form,  collected  in  the  vicinity  of  Ichang  by  Henry  (No.  3423),  are 
more  angular  through  mutual  pressure  than  those  of  the  cultivated  speci- 
men and  are  also  thicker.     (See  fig.  i ,  C) 

There  are  often  two  large  embryos  and  usually  several  small  ones  in  a 
single  seed.  Frequently  the  cotyledons  are  greatly  deformed  by  mutual 
pressure  of  the  several  embryos.  It  is  almost  certain  from  the  structure 
of  the  seeds  of  Citrus  ickangensis  that  the  cotyledons  remain  buried  in  the 
soil  during  germination,  as  in  all  the  commonly  cultivated  species  of 
the  genus. 

The  dwarfed  wild  form  of  the  species,  found  near  the  eastern  end  of 
the  Windbox  Gorge  just  below  Kweichow  (Wilson  No.  3307),  grows  only 
2  to  3  feet  high  and  bears  diminutive  leaves  scarcely  over  one-third 
the  size  of  those  of  the  cultivated  form,  the  petioles  being  16  to  23  by 
7  to  8  mm.  and  the  blades  7  to  15  by  4  to  7  mm.  in  size.  In  striking  con- 
trast to  the  diminutive  leaves  are  the  very  nimierous  long  spines  which 
are  unusual  in  showing  a  slight  upward  curvature.  (See  fig.  3.)  Doubt- 
less the  habitat  of  this  form  on  semiarid  cliffs  will  serve  to  explain  its 
small  size. 

Fruits  collected  by  Augustine  Henry  near  Ichang,  likewise  from  a  wild 
form,  are  remarkable  for  the  fact  that  the  ntunerous  short,  thick,  and 
very  large  seeds  occupy  all  the  space  in  the  segments,  leaving  room  for 
scarcely  any  juice.  The  seeds  are  rather  narrower  in  the  cultivated  form, 
but  possibly  this  is  in  part  due  to  their  having  an  abundance  of  space  in 
which  to  develop. 

Still,  in  all  essential  characters  the  cultivated  and  wild  forms  agree, 
and  doubtless  the  larger,  juicier  fruit  of  the  cultivated  form  is  due  in  part 
to  the  better  nourishment  the  tree  receives  and  also  in  part  to  the  selection 
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practiced  by  the  Chinese  gardeners,  who  would  naturally  have  chosen  the 
most  promising  of  the  wild  forms  to  propagate.  Unlike  many  other  culti- 
vated citrous  f  ruits»  this  species  shows  no  evidence  of  having  been  hybrid- 
ized; it  is  rather  a  selected  form  of  a  wild  spedes. 

Both  the  wild  and  cultivated  forms  of  Citrus  ichangensis  will  be  secured 
as  soon  as  possible  for  trial  in  this  country.  Careful  exploration  at  higher 
altitudes  near  the  northern  limit  of  the  species  in  China  should  bring  to 
light  exceptionally  hardy  forms  that  would  be  invaluable  to  breeders  of 
hardy  citrous  fruits. 

THE  RELATIONSHIPS  OF  CITRUS  ICHANGENSIS 

Ciirus  ichangensis  stands  apart  from  all  the  other  known  members  of 
the  genus.  Its  huge,  thick  seeds  are  unlike  anything  heretofore  known 
in  Citrus,  and  its  long,  sloider  leaves  with  their  very  large,  broadly 
winged  petioles,  often  exceeding  the  blade  in  area,  distinguish  it  at  once 
from  most  of  its  congeners. 

Citrus  histrix  DC,  a  curious  and  little-known  East  Indian  species, 
also  has  leaves  with  broadly  winged  petioles,  often  larger  than  the  blades, 
but  differs  greatly  from  Citrus  ichangensis  in  having  very  small  flowers, 
often  only  4-parted,  with  perfectlyfree  stamens.  Even  the  broadly  winged 
petioles  of  C.  histrix  are  distinctly  different,  being  more  gradually  nar- 
rowed toward  the  base  and  usually  more  abruptly  truncate  at  the  tip, 
making  them  somewhat  triangular  in  outline,  whereas  those  of  the 
Chinese  species  are  often  oblong  or  elongate  elliptical. 

The  other  species  of  Citrus  having  very  large^  broadly  winged  petioles, 
such  as  C.  celebica  Koord.,  C.  papuana  Bail.,  and  C  macroptera  Montr., 
native  to  the  Malayo-Polynesian  region,  are  apparently  closely  related  to 
C.  histrix,  if,  indeed,  they  are  not  to  be  considered  as  forms  of  it.  They 
all  agree  with  C.  histrix  in  having  winged  petiole?  more  or  less  triangular 
in  outline  and  show  no  close  affinity  with  C^Urus  ichangensis. 

The  bulky  seeds  of  Ciirus  ichangensis  with  their  large  brown  caps  and 
thick  deformed  cotyledons  are  so  much  larger  than  those  of  its  congeners 
that  they  can  not  be  mistaken  for  those  of  any  other  species  of  Citrus. 
They  are  much  more  like  those  of  the  African  species  of  hard-shelled 
citrous  fruits  belonging  to  the  genera  Balsamodtrus  and  Aeglopsis.^ 

PREVIOUSLY  PUBLISHED  NOTICES  OF  THE  SPECIES 

In  1907  L.  Diels*  referred  to  Citrus  histrix  DC,  two  numbers  collected 
by  A.  V.  Rosthom  in  Szechwan  in  1891,  noting  that  one  (No.  1264)  had 
narrower  leaves  with  inconspicuous  venation  and  the  other  (No.  175) 

1  SUpl,  otto,  Z906.  Plantae  novM  Daweanae  in  Uganda  lectae.  Jour.  Linn.  Soc.  (I<ondan]  Bot.,  ▼.  37* 
p.  SOS.  pl.  aa. 

Swingle,  Walter  T.,  19x2.  he  goore  Balsamodtnu  et  un  nouvcan  genre  rdUia,  JSglopds.  Soc  Bot. 
Prance,  t.  58  (s.  4,  t.  zz),  (M^m.  8d.)  p.  236  and  94Z,  fig.  B  and  pL  3. 

*  Diels,  L.,  Z900.    Die  Flora  von  CentraK^bizia.    Bot.  Jahrb.  [Engler],  Bd.  99,  Heft.  3/4.  p.  434. 
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broader,  distinctly  veined  leaves.  Sterile  specimens  of  both  of  these 
numbers  in  the  herbarimn  at  Dahlem  belong  undoubtedly  to  CHnrus 
idumgeiisis  and  differ  but  slightly  in  shape  and  venation. 

In  191 1  H.  L6veill6  published  a  '* Citrus  Cavaleriei"  in  an  article  by 
JuHen  Cavalerie  *  without  a  recognizable  descripticm.  A  specimen  collected 
by  P&re  Julien  Cavalerie  in  the  Province  of  Kweichow,  China,  preserved 
in  the  Museum  d'Histoire  Naturelle  at  Paris,  is  almost  certainly  Citrus 
ichangensis.  In  his  account  of  the  Aurantiacete  of  Kweidiow,  he  says  of 
this  species: 

Citrus  Cavaleriei,  lAvl.  I  fotmd  in  the  forest,  remote  fnmi  any  habitation  in  the 
vicinity  of  Ma- Jo  and  of  Kai^Tch^ou  [K'ai  Chow]  at  about  1,700  meters  [5,577  feet] 
altitude,  a  kind  of  spiny  oran^  tree,  in  the  undergrowth  of  the  forested  slopes.  The 
tree  is  arched  (voiit^)  and  completely  covered  with  moss.  One  tree  had  fruits  of  the 
size  of  an  apricot  and  flowers  at  the  same  time .  The  fruit  is  hard  and  rounded  in  shape ; 
the  winged  petiole  is  so  much  developed  that  it  constitutes  half  of  the  leaf.  I  did  not 
see  this  tree  cultivated  anywhere.  It  is  the  only  wild  species  [of  Citrus]  in  the  high 
regions.' 

There  is  nothing  in  this  description  to  distinguish  this  plant  from 
Citrus  histrix  DC.,  and  upon  applying  to  M.  L^veill^  to  see  the  type 
specimen  he  declared  this  name  to  be  ''a  true  nomen  nudum'*  that  had 
been  published  by  mistake,  and  a  note  to  this  effect  was  later  published.* 

A  SUBSPECIES  FROM  THE  KHASI  HILLS 

Several  good  specimens  of  a  Citrus  from  the  Khasi  Hills  in  Assam, 
collected  by  J.  D.  Hooker  and  T.  Thomson  in  1850  and  preserved  in  the 
Kew  Herbarium,  were  at  first  supposed  by  the  writer  to  be  identical 
with  Citrus  ichangensis,  as  they  showed  the  same  peculiar,  very  large 
and  broadly  oval  or  oblong  winged  petioles.  After  careful  study,  how- 
ever, the  Khasi  specimens  were  found  to  differ  from  the  typical  Chinese 
material  in  a  niunber  of  points. 

In  the  first  place,  all  of  the  Khasi  specimens  show  leaves  with  less 
acuminate  blades  than  those  of  the  Chinese  material;  moreover,  the 
leaves  of  the  Indian  specimens  are  distinctly  more  variable  both  in  size 
and  in  shape.  The  immature  fruits  collected  by  Hooker  and  Thomson 
in  this  locality  are  all  slightly  oblate  instead  of  slightly  prolate  like  the 
Chinese  fruits  from  Kngshan  Pa  (Wilson  Nos.  4736,  4737).  The  fact 
that  Hooker  and  Thomson  call  this  plant  a  "wild  orange"  is  additional 
evidence  that  the  fruits  did  not  have  the  lemonlike  appearance  of  the 
Chinese  form.  Finally,  the  flowers  in  Clarke's  specimen  preserved  in  the 
British  Museum  occur  in  three  to  six  flowered  axillary  panicles  instead  of 
singly,  as  in  all  the  Chinese  material  seen.    The  tree  reaches  a  height  of 

1  Gtvakrie.  JuHcn,  Z91Z.  Ja»  Aur«ntkc6es  du  Kouy-Tditett.  Bui.  de  O^ogr.  Bot,  t.  »i  (ann.  ao,  s.  4), 
no.  261,  p.  ati. 

*  Trtmhtion  inm  Cavalerie,  Juliea,  191  z,  loc.  at. 

*  tiivtaJM],  H.,  Z9ZX.  1a»  Aurantiac^cs  du  Kotty-Tcfa^ou.  Bui.  de  G^ogr.  Bot..  t.  az  (ann.  <o,  a.  4), 
no.  a6a,  p.  336. 
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30  feet  in  the  Khasi  region  and  has  not  been  recorded  over  20  feet  in 
China.  This,  however,  might  easily  be  due  to  differences  in  the  expo- 
sure, orange  trees  growing  in  a  forest  often  being  much  taller  than  those 
in  the  open  without  shade. 

More  material  and,  above  all,  ripe  fruits  will  be  needed  to  decide  defi- 
nitely whether  the  Khasi  "wild  orange"  belongs  to  Citrus  ichangensis. 
It  is  certainly  much  more  closely  related  to  this  latter  species  than  to  any 
other.  For  the  present  it  seems  best  to  consider  it  as  a  subspecies  of 
the  Ichang  lemon.     The  technical  diagnosis  is  as  follows:  ^ 

Citrus  ichangensis  latipes  Swingle. 

Differs  from  C  ichangensis  in  having  the  leaves  more  variable  in  size  and  shape 
with  the  tips  acute »  not  caudate,  the  flowers  in  few-flowered  (3  to  5)  panicles  instead 
of  solitary,  and  the  fruits  oblate  instead  of  prolate  spheroidal  in  shape. 

Distribution:  Assam,  Northbastbrn  India.    Khasi  Hili^s 

Living  Bridge,^  Hooker  and  Thomson,  September  2,  1850,  "small  orange,  vdld/* 
fruits,  Kew;  Myrung  Wood  (altitude  5,700ft.),  J.  D.  Hookbr  and  T.  Thomson,  July  6, 
1850,  "Aurant.  Tree  30  ped.  alt.  Frt  size  of  a  walnut,"  fruits,  Kew;  Moflong 
(altitude6,oooft.),'J.  D.  Hooker  and  T.Thomson,  July,  1850,  fruits,  Kew;  Mofloiig(?), 
J.  D.  HooKBR  and  T.  Thobison,  "Citrus  latipes  H.  f.  and  T.  Regio  temp,  (indig.) 
alt.  5,000-6,000  ped.,"^  no  date,  sterile  twigs,  Harvard  (Gray  Herbarium);  Khasi 
Hills,  C.  B.  Clarkb  No.  2x879  (Collector  Rutton),  1873,  flowers,  British  Museum. 

DETAILED  DESCRIPTION  OP  CITRUS  ICHANGENSIS  LATIPES 

The  leaves  of  Citrus  ichangensis  latipes  vary  greatly  in  size  and  shape, 
ranging  from  65  to  152  by  12  to  48  mm.,  the  length  varying  from  three 
to  seven  times  the  width.  The  petioles  in  particular,  though  always 
broadly  winged,  are  distinctly  more  variable  than  in  the  Chinese  material. 
They  vary  from  oblanceolate  linear  to  spatulate  oblong  or  elongate  obcor- 
date.  The  largest  petioles  occur  in  a  fruiting  branch  from  Living  Bridge 
(the  type  specimen  of  the  subspecies  in  Kew  Herbaritun) ;  they  are  spatu- 
late oblong,  75  to  92  by  44  to  48  mm.,  tapering  rapidly  into  a  marginate 
base  4  to  6  mm.  long.  A  specimen  from  Moflong  (in  Kew  Herbarium) 
has  oblanceolate-linear  petioles  30  to  45  by  10  to  16  mm.  The  other 
material  is  intermediate  between  these  two  extremes,  and  one  twig  from 
Myrung  Wood  (in  Kew  Herbaritun)  has  elongate-obcordate  petioles  35 
to  45  by  16  to  20  mm.  in  size.  The  blades  of  the  leaves  vary  from  ovate 
to  lanceolate  and  are  35  to  65  by  14  to  40  mm.;  in  some  specimens  the 
lamina  are  decidedly  smaller  than  the  winged  petiole,  while  in  others 
the  reverse  is  true. 

1  Cttnss  Ichaiiceiitii  UUipM,  subsp.  nav.— Citrus  ichangensis  affinis,  foliis  mentis  hftud  caudatis,  floribm 
in  paniculatis  paud-floribus  (3-5)  dispositis,  fnictibus  oblatis. 

*  This  is  the  type  of  the  subspecies. 

*  Cf.  Hooker,  J.  D.,  1854.  Himalayan  Journals,  London,  v.  2,  p.  288,  392. 323, 

*  This  specimen  has  only  a  lithographed  label  with  manuscript  additions.  One  of  the  twigs  has  extremdy 
ong  and  slender  winged  petioles  like  the  specimen  from  Moflung  in  Kew  Herbarium  and  probably  was  a 
part  of  the  same  collection.  The  other  specimens  of  Hooker  and  Thomson  in  Kew  Herbarium  have  this 
same  label  carrying  in  manuscript  the  name  "  Citrus  latipes  H.  f .  and  T./'  but  have  in  addition  original 
labels  giving  the  exact  locality  and  date  of  collection. 
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•PREVIOUSLY  PUBUSHBD  NOTICES  OF  THE  SUBSPECIES 

Very  little  has  been  published  concerning  this  plant.  The  first  notice 
seems  to  have  been  given  it  in  1874  ^Y  Edmund  Goeze,  who  lists  it  as 
'*CUriis  latipes  Hook.  fil.  et  Th.     A  very  peculiar  species  from  India."  ^ 

In  1875  J.  D.  Hooker,  in  his  Flora  of  British  India,  *  cited  it  under 
the  name  **C.  latipes  Hook.  f.  and  Thorns.  Herb.  Ind.  Or."  as  a  synonym 
of  C.  hisirix  DC,  an  erroneous  determination  doubtless  due  to  the  lack 
of  flowers  and  mature  fruits  in  the  Khasi  material  at  his  disposal.  The 
name  ''Citrus  latipes  Hook.  f.  and  Thoms."  is  a  nomen  nudum  without 
standing  in  taxonomy,  since  no  description  has  been  published  under  it. 

Efforts  are  being  made  to  secure  ripe  fruits  and  viable  seeds  of  this 
interesting  tree,  which,  like  the  Chinese  form  of  the  species,  promises  to 
be  very  cold  resistant. 

POSSIBLE  USES  OF  CITRUS  ICHANGENSIS 

Mr.  E.  H.  A^son  informs  the  writer  that  the  form  of  this  species  culti- 
vated in  the  Ichang  region  yields  an  excellent  fruit  known  to  foreign 
residents  of  the  Yangtze  Valley  as  the  *'  Ichang  lemon."  These  fruits  are 
shipped  down  the  river  to  Hankow  and  west  well  into  Szechwan,  and 
are  so  mudi  esteemed  as  to  command  good  prices. 

The  large  size  of  the  seeds  makes  it  probable  that  Citrus  ichangensis  will 
produce  very  vigorous  seedlings,  and  hence  it  is  likely  to  be  of  value  as  a 
stock  on  which  to  graft  other  citrous  fruits.  These  numerous  large  seeds, 
which  promise  to  render  this  plant  so  valuable  as  a  stock,  have  the  draw- 
back of  greatly  reducing  the  proportion  of  juice,  because  of  the  space 
they  take  up.  However,  experience  has  shown  that  it  is  relatively  a 
simple  matter  to  breed  nearly  seedless  varieties  of  citrous  fruits  by 
selection  or  hybridization. 

So  far  as  is  now  known.  Citrus  ichangensis  is  native  farther  north  than 
any  other  evergreen  species  of  Citrus,  only  the  deciduous  Citrus  trifoliata 
having  a  more  northerly  range.  Besides  having  the  northernmost  range 
of  any  known  evergreen  species  of  Citrus  it  occurs  at  the  highest  altitudes 
reported  for  any  wild  species  of  the  genus.  In  the  Hsingshan  District, 
in  latitude  31®  10',  Mr.  Wilson  collected  this  plant  at  an  altitude  of  4,200 
feet,  and  Pfere  Cavalerie  found  it  in  central  Kweichow  at  a  height  of 
5,577  feet. 

At  Moflong  in  the  Khasi  Hills,  Hooker  and  Thomson  found  the  Khasi 
subspecies  growing  wild  at  an  altitude  of  6,000  feet.  As  to  the  winter 
climate  of  this  part  of  Assam  J.  D.  Hooker  says: 

In  November  the  vegetation  above  4,000  feet  turns  wmtry  and  brown,  the  weather 
becomes  chilly,  and  though  the  cold  is  never  great,  hoarfrost  forms  at  Churra,  and 
water  freezes  at  Moflong.' 

1  Translation  from  Ooeze.  Edmund,  1874.    Bin  Bdtrag  zur  Kenntniss  der  Orangensewftchse.    Ham- 
burg, p.  X9> 
'Hooker,  J.  D.,  1875.    Flora  ol  British  India,    v.  x.  London,  p.  515. 
*  Hooker,  J.  D..  2854.    Himalayan  Journals,  v.  a,  London,  p.  333. 
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Around  Ichang,  which  is  situated  at  an  altitude  of  about  2,000  feet,  the 
winters  may  be  severe,  as  is  proved  by  the  meteorological  record  for  the 
year  1888,  which  showed  an  absolute  minimum  of  22®  F.  (  —  5.6®  C.)  in 
February.^  It  is  highly  probable  that  a  series  of  observations  extending 
over  a  number  of  years  would  show  that  the  minimum  temperature 
occasionally  falls  decidedly  lower  than  this.  It  would  undoubtedly  be 
colder  at  an  altitude  of  4,200  feet  in  the  near-by  Hsingshan  District, 
where  this  species  grows  wild. 

Mr.  Wilson,  who  knows  the  climate  of  this  part  of  China  well,  is  con- 
fident that  the  ''Ichang  lemon''  will  prove  to  be  one  of  the  hardiest 
citrous  fruits.  Add  to  this  the  fact  that  the  fruit  is  of  a  quality  good 
enough  to  cause  it  to  be  exported  to  cities  several  htmdred  miles  distant 
and  it  is  obvious  that  this  strikingly  distinct  new  species  of  Citrus  promises 
to  be  of  value  as  a  hardy  substitute  for  the  lemon,  as  well  as  a  vigorous 
and  hardy  stock  for  other  citrous  fruits,  and  is  eminently  deserving  of  the 
attention  of  experimenters  for  use  in  the  breeding  of  new  types  of  hardy 
citrous  fruits  now  so  much  in  demand  in  this  and  other  countries. 

Its  discovery  in  a  part  of  China  as  accessible  as  Ichang  is  a  further  proof 
of  the  rich  harvest  of  new  species  of  plants  that  awaits  the  botanist  and 
agriculturist  in  China. 

DESCRIPTION  OF  PLATE 

Pi*ATS  I.  Citrus  ichangensis  Swingle:  The  type  specimen  from  Hsingshan  District, 
Hupeh  Province,  China,  E.  H.  Wilson,  No.  2230,  May  7,  1907;  in  the  herbarium 
of  Arnold  Arborettmi;  natural  size. 

1  Doberck,  WiUiam,  1889.  Meteorological  observations  made  at  Idianc,  China,  and  at  South  Cape 
Pormosa,  in  x88S.    Quart.  Jour.  Roy.  Met.  Soc.  [London],  v.  15,  no.  72,  p.  242. 
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CYSTICERCUS  OVIS,  THE  CAUSE  OF  TAPEWORM  CYSTS 

IN  MUTTON 

By  B.  H.  Ransom, 
Chitft  Zoologicml  Division,  Bureau  cf  Animal  Industry 

INTRODUCTION 

It  has  been  known  for  nearly  half  a  centnry  that  C3rsticerci  occur  in 
mutton,  but  they  have  generally  been  looked  txpoa  as  asoological  curi- 
osities rather  than  parasites  of  real  economic  importance;  in  fact,  it 
seems  that  this  opinion  has  been  so  commonly  accepted  as  an  established 
truth  that  a  systematic  examination  of  sheep  for  such  cysticerci,  or 
measles,  like  that  given  cattle  and  hogs,  has  been  considered  unnecessary 
by  meat-inspection  authorities.  So  far  as  this  country  is  concerned, 
however,  the  belief  that  sheep  measles  are  rare  has  been  lately  discovered 
to  be  quite  erroneous.  Instead  of  being  rare,  sheep  measles  have  been 
found  to  be  of  much  the  same  order  ci  frequency  as  beef  measles  and  far 
more  conmion  than  pork  measles,  which  are  almost  unknown  in  the 
United  States.  Where  the  presence  of  measles  has  been  carefully  looked 
for,  the  percentage  of  affected  sheep  has  run  2  per  cent  and  over,  and 
during  the  calendar  year  191 2  approximately  20,000  sheep  carcasses  were 
retained  under  Federal  inspection  at  various  abattoirs  on  acootmt  of 
measles,  most  of  them  during  the  last  few  months  of  the  year. 

In  the  light  of  these  figures  it  is  quite  evident  that  the  mutton  cysti- 
cercus  is  far  from  being  the  unimportant  parasite  it  is  commonly  asstmied 
to  be,  and  it  is  furthermore  quite  certain  that  as  inspectors  become  gen- 
erally more  familiar  with  this  parasite  and  with  the  proper  methods  of 
inspecting  for  its  presence  the  percentage  and  gross  ntunber  of  cases 
found  will  materially  increase. 

As  yet  sufficient  data  are  not  at  hand  to  indicate  the  extent  of  direct 
injury  to  sheep  by  the  measles  parasite,  so  that  the  chief  practical  impor- 
tance of  sheep  measles  recognized  at  the  present  time  is  in  their  relation  to 
meat  inspection  and  public  health.  Like  beef  and  pork  cysticerci,  the 
mutton  cysticercus  is  of  special  interest  in  meat  inspection  because  it 
affects  the  musculature,  that  part  of  the  animal  which  is  at  once  the  most 
valuable  for  food  purposes  and  the  most  difficult  to  inspect  thoroughly. 

The  beef  and  pork  cysticerci  are  well  known  to  be  the  intermediate 
stages  of  two  species  of  tapeworms  occurring  in  man.  The  questicm 
naturally  arises.  Is  the  mutton  cysticercus  likewise  the  intermediate  stage 
of  a  human  tapeworm?  The  leading  foreign  meat-inspection  authorities 
have  held  that  the  mutton  cysticercus  is  simply  Cysticercus  cellulosae, 
the  pork  cysticercus,  in  an  unusual  host,  and  have  laid  down  identical 
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regulations  governing  the  disposal  of  affected  hog  and  sheep  carcasses. 
The  American  meat-inspection  regulations,  which  are  similar  to,  though 
necessarily  somewhat  more  stringent  than,  the  German  regulations 
because  of  the  lack  of  a  Freibank  system  in  this  coimtry,  require  the  con- 
demnation of  carcasses  heavily  infested  with  C.  cellulosae  and  permit 
slightly  infested  carcasses  to  be  rendered  into  edible  fat.  As  a  con- 
demned carcass  is  entirely  destroyed  for  food  purposes  and  as  the  value 
of  a  sheep  carcass  rendered  into  edible  tallow  is  scarcely  greater  than 
that  of  one  which  has  been  condemned  and  made  into  fertilizer  or  other 
inedible  products,  a  carcass  infested  with  C  cellulosae  in  any  degree 
whatsoever  would  be  practically  excluded  from  use  as  food  under  Ameri- 
can regulations.  Accordingly,  if  the  mutton  cjrsticercus  were  actually 
C  cellulosae,  the  20,000  sheep  carcasses  in  which  muscle  cysticerd  were 
found  last  year  would  have  been  eliminated  from  the  meat  supply  of  the 
United  States.  Relatively  this  loss  would  not  have  been  very  great,  and 
in  actual  money  value  it  would  not  haveexceeded$ioo,ooo.  In  thefuture, 
however,  much  greater  losses  would  occur,  because  the  more  efficient 
methods  of  inspection  which  would  be  developed  by  experience  would 
naturally  lead  to  the  detection  of  more  nearly  all  the  cases  of  sheep 
measles  than  the  earlier,  less  efficient  methods.  The  number  of  sheep 
aflfected  with  measles  is  probably  considerably  in  excess  of  i  per  cent  of 
the  entire  number  slaughtered,  and  accordingly  the  loss  on  this  account 
would  be  very  large  if  anywhere  near  all  the  cases  were  foimd  on  inspec- 
tion and  if  they  were  disposed  of  under  the  assumption  that  the  parasite 
involved  is  C.  cellulosae. 

Shortly  following  the  discovery  of  the  first  cases  found  last  year,  the 
writer  undertook  an  investigation  of  the  question  of  sheep  measles,  wth 
the  result  that  it  was  quickly  proved  that  the  parasite  involved  is  cer- 
tainly not  Cysticercus  cellulosae,  though  closely  resembling  it  in  some  re- 
spects, and  in  due  course  of  time  it  was  definitely  established  that  the 
mutton  cysticercus  is  the  larval  stage  of  a  dog  tapeworm. 

The  question  of  sheep  measles  is  therefore  much  less  serious  than  it 
would  be  if  the  parasite  were  one  transmissible  to  man,  particularly  if  it 
were  the  rather  dangerous  Cysticercus  cellulosae.  So  far  as  meat  inspec- 
tion is  concerned,  however,  sheep  measles,  though  less  important  as  a 
public-health  question,  are  almost  as  important  as  though  the  parasite 
involved  were  transmissible  to  human  beings,  because  meat  containing 
parasites  of  sufficient  size  to  be  noticeable  is  more  or  less  objectionable 
as  food  for  esthetic  reasons  if  on  no  other  account. 

HISTORICAL  SUMMARY 

Considering  critically  the  various  statements  which  have  appeared 
relative  to  muscle  cysticerd  in  sheep  prior  to  the  recent  investigations 
by  the  present  writer,  it  may  be  noted  in  the  first  place  that  excepting 
one  of  Morot's  (i899e)*  cases  (No.  3),  which  was  quite  evidently  one  of 

1  Bibliographic  references  in  parentheaet  refer  to  the  "Bibliograi^y,"  pp.  5^57. 
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generalized  coenurosis,  there  is  no  definite  conclusive  evidence  that  more 
than  one  species  of  parasite  is  concerned  in  sheep  measles;  hence  the 
presmnption  is  that  the  muscle  cysticerd  reported  from  sheep  "all  belong 
to  a  single  species.  Taking  into  accotmt  the  fact  that  it  has  now  been 
proved  by  experiment  that  muscle  cysticerd  in  sheep  devdop  into  tape- 
worms distinct  from  dther  Taenia  solium  or  T.  hydatigena,  it  is  quite 
dear  that  none  of  the  observers  reporting  musde  cyslicerd  in  sheep  has 
given  suffident  evidence  to  show  that  the  parasites  in  any  instance  were 
Cysticercus  cellulosae,  as  they  were  hdd  to  be  by  some,  or  C.  tenwicolUs^  as 
they  were  hdd  to  be  by  others,  and  not  in  all  cases,  C.  ovis.  Commonly 
the  only  evidence  to  support  the  observer's  identification  is  a  statement 
that  the  parasite  showed  the 
characters  of  C.  ceUulosae  (Olt, 
Armbruster,  Colberg,  Rick- 
mann,  Herter)  or  C.  ienuicollis 
(Chatin,  Glage).  In  a  few 
cases  measurements  of  the 
hooks  have  been  recorded,  but 
these  apply  equally  as  well  or 
better  to  C.  ovis  than  to  C. 
ceUulosae  or  C.  ienuicollis. 
Bongert's  report  is  of  spedal 
interest  in  this  connection,  as 
he  gives  a  photomicrograph  of 
the  hooks  (fig.  i),  comparison 
of  which  with  the  hooks  of 
C.  ceUulosae  shows  that  the 
hooks  agree  imperfectly,  thus 
demonstrating  the  incorrectness  of  Bongert's  positive  opinion  that  the 
parasite  was  C.  ceUulosae.  The  opinion  formerly  hdd  by  the  present 
writer  (igoSd)  that  certain  partially  grown  musde  cysticerd  with  hooks 
not  yet  fully  devdoped  which  had  been  found  in  a  sheep  were  C  ceUu- 
losae on  account  of  the  presence  of  certain  characters  £dso  found  in  C. 
ceUulosae  is  likewise  seen  now  to  be  quite  erroneous. 

Railliet  and  Morot  noticed  that  the  hooks  of  a  cysticercus  resembling 
Cysticercus  ceUulosae  from  a  sheep  heart,  though  agredng  fairly  well  in 
size  with  C.  ceUulosae  hooks,  as  shown  by  the  measurements  which  they 
give,  corresponded  dosdy  in  form  to  those  of  C  tenuicoUis.  They 
accordingly  so  identified  the  cysticercus,  at  the  same  time,  however, 
calling  attention  to  the  fact  that  the  hooks  are  fewer  in  number  than  is 
usual  in  C.  ienuicollis  and  that  they  are  smaller,  differences  possibly  to 
be  attributed,  according  to  thdr  view,  to  the  location  of  the  parasite  in 
the  musdes  instead  of  in  the  serous  membranes.  It  is  quite  probable — 
in  fact,  not  to  be  doubted — that  the  parasite  in  this  case  was  C.  ovis. 


Fio.  t.-^jfstkercus cvis:    Hooks,  X  ars*    (After  a  photomi- 
crograph by  Bongrrt,  z899a,  fig.  3-) 
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Not  only  have  observers  failed  to  give  suflSdent  evidenoe  that  the 
mutton  cysticerd  in  any  case  exactly  agreed  in  morphology  with  CysH- 
cercus  ceUulosae  or  C.  tenmcoUis,  but  they  have  also  failed  to  produce 
experimental  proof  to  support  their  identifications.  C.  cellulosae  has 
never  been  produced  experimentally  in  sheep  by  feeding  Taenia  solium 
eggs  (Leuckart,  KUchenmdster,  Perrondto);  nor,  vice  versa,  has  T,  solium 
been  produced  in  man  as  a  result  oi  ingesting  mutton  cysticerd  (Chatin, 
Ransom^). 

There  is  also  no  good  evidence  that  Taenia  hydaUgena  has  ever  been 
obtained  as  a  result  of  feeding  the  mutton  cysticercus  to  dogs.  It  is 
true  that  Chatin  states  that  such  is  the  case,  but  the  evidence  that  the 

tapeworms  wfere  identical  with  those  bdong- 
ing  to  Cysticercus  tenuicoUis  consists  simply 
in  Chatin's  affirmation  that  they  were  the 
same,  and  there  is  no  objective  evidence  at 
all  to  support  this  view.  It  also  should  be 
noted  that  no  one  has  shown  that  segments 
of  T.  hydatigena,  when  fed  to  sheep,  will  pro- 
duce musde  cysticerd.  Leuckart,  Kflch- 
enmeister,  and  others  have  found  only  C 
tenuicoUis  as  a  result  of  such  experiments. 
Cobbold's  opinion  that  Cysticercus  ovis 
is  the  larva  of  a  human  tapeworm,  the  so- 
called  Taenia  tenella,  has  never  had  any 
Fio.  M.-CysOurms  ovis:  Haul  and  supporting  cvidcncc  and,  of  coursc,  is  uow 
r^g.^a.r  ^^''^^^'~"'  '"^  ""'    entirdy  discredited.    Cobbold,  however,  it 

is  interesting  to  note,  was  quite  correct  in 
another  opinion  which  he  at  one  time  hdd — ^namdy,  that  it  is  probable 
that  the  adult  of  C.  ovis  occurs  in  one  of  the  camivora. 

Most  of  the  records  of  musde  cysticerd  in  sheep  are  based  upon  iso- 
lated cases  in  which  the  parasites  have  usually  been  more  or  less  degen- 
erate. Thus,  Cobbold  noted  the  presence  of  degenerated  cysticerd  in 
mutton  on  several  occasions  and  described  Cysticercus  ovis  on  the  basis 
of  a  single  spedmen  (fig.  2)  which  had  lost  the  caudal  bladder  before  it 
came  into  his  hands.  Maddox  described  C.  ovipariens  (figs.  3  and  4)  on 
the  basis  of  one  degenerated  cysticercus.  The  number  of  cases  seen  by 
M5bius,  reported  by  Kiichenmdster,  is  not  stated.  Chatin  apparently 
saw  musde  cysticerd  on  several  occasions,  and  some  of  these  evidently 
were  alive  and  undegenerated.  Morot  refers  spedfically  to  five  cases 
and  refers  to  an  indefinite  number  of  others,  in  all  of  which  the  parasites 
were  degenerated  and  were  recognized  as  cysticerd  only  from  the  char- 
acter of  the  cysts.  Railliet  and  Morot  reported  one  case  of  a  single, 
apparently  undegenerated  cysticercus  in  the  heart  of  a  sheep,  and  refer 

^  For  an  account  of  the  present  writer's  czperimentt,  tee  pp.  at-a6. 
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Fig.  3. — CysHcercus  ovipariens  (■ 
(After  Maddox. 


■  C.  ovis):    Fragment  of  head,  X  85. 
2873a.  pi.  19,  fis.  z) 


to  a  similar  case  of  cysticercus  in  the  heart  of  a  kid.  The  case  reported 
by  Olt  and  Bongert  showed  numerous  cysticerci,  some  of  which  appar- 
ently were  alive.  In  another  case  seen  by  Olt  the  parasites  were  all 
degenerate.  Armbruster  found  calcified  cysticerci  in  2  or  3  sheep  out  of  a 
shipment  of  16  head.  One  case  of  muscle  cysticerci  was  found  by  Colberg 
in  which    numerous  - 

d^enerated  para- 
sites were  present. 

In  a  case  of  cysti- 
cerci in  a  sheep  heart 
reported  by  Railliet 
the    parasites    were 
very  young,  without 
hooks.    Glage  is  the 
only  author  thus  far 
who    has    given   a 
detailed  statistical 
record    of    the   fre- 
quency  of  muscle 
cysticerci  in   sheep. 
His  records,  however, 
are  based  entirely  upon  the  presence  of  degenerated  cysticerci,  and  it  is 
not  improbable  that  he  overlooked  many  cases  of  live  cysticerci.     He 
found  32  cases  (1.45  per  cent)  among  2,198  carcasses  in  which  the  head 
muscles  and  hearts  were  exapiined  and  16  cases  (0.8 
per  cent)  among   1,984  carcasses  in  which  only  the 
hearts  were  examined.     Rickmann  fails  to  state  the 
number  of  cases  observed.    The  cysticerci  in  the  one 
case  reported  by  the  present  writer  in  1908  were  un- 
degenerate  but  only  partly  grown.    Herter  mentions 
one  case  and  says  that  only  nine  cases  of  sheep 
measles  were  recorded  in  the  meat-inspection  reports 
of  Prussia  for  the  year  1909.     Making  a  very  liberal 
allowance  for  the  number  of  indefinitely  reported 
cases,  the  total  number  of  individual  cases  of  sheep 
measles  reported  in  the  literature  prior  to  the  recent 
investigations  in  this  country  is  considerably  less  than 
100,  and  in  only  a  very  few  of  these  were  the  cysticerci  at  all  numerous 
or  present  in  a  living,  fully  developed,  undegenerated  condition.     It  is 
accordingly  not  surprising  that  the  identity  of  these  parasites  should 
have  remained  so  long  imdiscovered,  particularly  in  view  of  the  fact 
that  they  have  received  but  little  attention  from  experienced  parasitolo- 
gistSy  who,  moreover,  have  had  very  unsatisfactory  material  for  study. 


FW.  4.— Cyrticweia  <ni- 
pariens  (—  C.  avis): 
Hooks.  X  160.  (After 
MaddoK.  z873a.  Pl-  >8, 
fi£.5.) 
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Cobbold,  for  example,  apparently  studied  only  one  specimen  (imperfect), 
and  Railliet  seems  to  have  had  only  one  fully  developed  imd^enerated 
specimen  for  critical  examination. 

Up  to  the  present  time  sheep  measles  have  been  reported  from  the 
following  coimtries:  England,  Germany,  Prance,  Algeria,  German  South- 
west Africa,  New  Zealand,  and  the  United  States. 

In  completing  this  brief  critical  summary  of  the  literattuie,  only  a  few 
words  need  be  given  concerning  the  morphology  of  the  parasites.  As 
already  noted,  morphological  details  have  been  omitted  from  most  of 
the  accounts  given  of  the  recorded  cases.  The  measurements  of  the 
hooks  given  by  Railliet  and  Morot  correspond  to  Cysticercus  ovis,  as  do 
Bongert's  measurements  and  photomicrograph.  Maddox  was  the  first  to 
observe  the  mammillated  surface  of  the  caudal  bladder,  which,  however, 
has  not  been  recognized  as  a  distinctive  diflference  between  C  ovis  and 
C.  tenuicoUis,  except  by  the  present  writer  (iQoSd),  and  apparently  has 
escaped  attention  from  other  observers. 

LIFE-HISTORY  INVESTIGATIONS 

Under  date  of  February  29,  1912,  Dr.  S.  E.  Bennett,  inspector  in 
charge  at  Chicago,  lU.,  reported  to  the  Bureau  of  Animal  Industry  that 
a  number  of  sheep  carcasses  had  been  foimd  to  be  infested  with  measles, 
and  under  date  of  March  i  Dr.  O.  6.  Hess,  inspector  in  charge  at  Seattle, 
Wash.,  also  reported  the  finding  of  measles  in  several  sheep  carcasses. 
Specimens  were  forwarded  to  Washington  from  both  stations  for  labora- 
tory examination.  The  cysts  in  the  specimens  were  all  degenerate,  but 
fragments  of  the  caudal  bladder  of  cysticerd  were  found,  and  in  view  of 
the  presence  of  cuticular  papillae,  which  are  likewise  present  on  the 
caudal  bladder  of  Cysticercus  celltUosae,  and  in  accordance  with  the 
opinion  of  German  meat-inspection  authorities  as  to  the  identity  of 
mutton  cysticerci,  the  diagnosis  of  C.  cellulosae  was  made.  Shortly  fol- 
lowing the  first  reports,  information  was  received  that  out  of  4,537  sheep 
slaughtered  at  Seattle,  Wash.,  79  carcasses  were  retained  on  account  of 
measles,  and  that  during  a  month  at  Chicago  224  carcasses  were  retained. 

With  this  information  at  hand  it  was  immediately  apparent  that  the 
diagnosis  of  Cysticercus  cellulosae  could  not  be  correct,  for  the  reason 
that  C.  cellulosae  and  its  tapeworm  stage.  Taenia  solium^  are  exceedingly 
rare  in  the  United  States.  Probably  not  more  than  a  dozen  cases  of 
pork  measles  are  found  annually  at  any  of  the  large  stations,  where  the 
number  of  hogs  slaughtered  amounts  to  hundreds  of  thousands.  It  was 
unbelievable  that  a  parasite  so  rare  in  its  usual  host  should  be  so  common 
in  sheep.  A  few  days  spent  in  studying  numerous  specimens  obtained 
at  the  abattoirs  in  Chicago  developed  the  fact  that  the  sheep-measle 
parasite  was  certainly  not  C.  cellulosae,  though  in  certain  characters 
they  were  very  similar.    In  some  details  of  structure  the  muscle  cysticerci 
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resembled  C  tentncoUis,  but  in  other  respects  the  two  forms 
agree.  Accordingly  an  experiment  was  tmdertaken  to  determin< 
the  parasites  would  develop  in  dogs  and  whether  the  tapewom 
developed,  would  prove  to  be  T.  hydaiigena  (the  tapeworm  corrc 
to  C.  ienuicoUis;  also  known  as  T.  marginata,  the  marginate  t 
of  the  dog),  as  afl&rmed  by  Chatin  (i886a),  who  stated  tha 
obtained  T.  marginata  by  feeding  mutton  cysticerci  to  dogs,  oi 
they  would  prove  to  be  some  other  species.  Seven  dogs  wc 
observation  in  1912.  Five  of  these  were  fed  cysticerci  frc 
muscle,  while  two,  as  controls,  were  fed  C.  ienuicollis  from  the 
or  mesenteries  of  sheep.  With  three  exceptions,  as  noted  bel( 
records  of  the  experiment,  the  dogs  were  given  a  dose  of  caste 
the  feces  examined  for  the  presence  of  parasite  eggs  before  the 
were  fed.  During  the  experiment  the  dogs  were  nourished  on 
cuits,  corn-meal  mush,  and  some  cooked  meat  but  no  mutton 
confined  in  separate  kennels. 

Dog  No.  I. — ^A  grayish  brown  young  female.  Fed  mtiscle  cysticerci  £1 
Feces  were  not  examined  before  feeding  cysts. 

March  25.  Fed  i  cyst  from  heart  mtiscle  of  sheep. 

March  27.  Fed  z  cyst  from  heart  muscle  of  sheep — ^probably  dead. 

March  28.  Fed  3  cysts  from  heart  muscle  of  sheep. 

March  29.  Fed  3  cysts  from  heart  muscle  of  sheep. 

March  30.  Fed  3  cysts  from  heart  muscle  of  sheep — x  probably  dead 

April     X.  Fed  i  cyst  from  diaphragm  of  sheep — probably  dead. 

April     2.  Fed  i  cyst  from  body  muscle  of  sheep. 

April     3.  Fed  2  cysts  from  heart  muscle  of  sheep. 

April   24.  Fed  i  cyst  from  heart  muscle  of  sheep. 

April    29.  Fed  2  cysts  from  heart  muscle  of  sheep. 

May      2.  Fed  i  cyst  from  heart  muscle  of  sheep. 

May     21.  Fed  i  cyst  from  heart  muscle  of  sheep. 

May     22.  Fed  i  cyst  from  heart  muscle  of  sheep. 

May     24.  Fed  2  cysts  from  heart  muscle  of  sheep. 

Total . .  23  cysts. 

June  22.  Eggs  of  Toxascaris  and  a  tapeworm  segment  found. 

June  27.  Tapeworm  segments  found  in  feces. 

July  24.  Chloroformed.  About  25  individuals  of  Toxascaris  in  upp 
jejtmum.  Seven  tapeworms,  all  with  gravid  segments,  in  ileum.  Head 
near  upper  end  of  ileum,  about  65  cm.  from  ileocecal  valve.  Length  of  1 
45  to  55  cm. 

Dog  No.  2. — ^A  white-aud-tan  3roung  female.  Fed  Cysticercus  ienuicollis 
toneum  of  sheep.    Feces  were  not  examined  before  feeding  cysts. 


May  10.  Fed  i  cyst. 
May  28.  Fed  5  cysts. 

Total. .  21  cysts. 


April    5.  Fed  3  C3rsts. 
April   9.  Fed  4  cysts. 
April  II.  Fed  i  cyst. 
April  18.  Fed  7  cjrsts. 
June  22.  l^;gs  of  tapeworm  and  Toxascaris  eggs  found. 
July  IX.  Two  tapeworm  segments  found  in  feces. 
July  26.  Chlorofonned.    Numerous  individuals  of  Toxascaris  in  jejunui 
denum.    Nine  tapeworms  with  gravid  segments;  one  of  the  tapeworms 
no  cm.  long.    The  tapeworms  were  attached  about  8  cm.  below  the  pylc 
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from  die  ileocecal  valve,  and  the  posterior  ends  of  the  worms  extended  to  within  40 
cm.  of  the  ileocecal  valve. 

Dog  No.  3. — ^A  young  black-and-white  female.  Fed  muscle  cysticerci  from  sheep. 
March  29.  Received  one-half  ounce  of  castor  oil  at  5  p.  m.  March  30.  Feces  were 
examined  with  negative  results. 

April    5.  Fed  i  C3rst  from  myocardium. 

April    6.  Fed  3  C3rsts  from  myocardium. 

April  10.  Fed  3  cjrsts  from  myocardium. 

April  iz.  Fed  6  cysts  from  myocarditun. 

April  13.  Fed  z  cyst  from  myocardium. 

April  29.  Fed  i  cyst  from  myocardium. 

May     a.  Fed  i  cyst  from  myocardium. 

May   21.  Fed  z  C3rst  from  myocardium. 

May   23.  Fed  z  cyst  from  myocarditun. 

May   24.  Fed  3  cysts  from  myocardium. 

Total.. .  2z  cysts. 
June  zz.  Feces  examined  but  no  eggs  found. 
No  segments  or  eggs  have  been  found  (prior  to  July  22). 

Jtdy  22.  Chloroformed.  Four  tapeworms  attached  25  to  35  cm.  from  the  ileocecal 
valve,  one  of  them  with  gravid  segments,  about  45  cm.  long  when  extended,  other 
three  not  over  2  to  5  cm.  long.  Three  very  short  tapeworms  in  cecum.  In  large 
intestine  a  string  of  about  zo  gravid  segments.  Total  number  of  tapeworms,  seven. 
Three  individuals  of  Toxascaris  in  jejunum. 

Dog  No.  4. — ^A  young  red  male.  Fed  muscle  cysticerci  from  sheep.  March  29. 
Received  one-half  ounce  of  castor  oil  at  5  p.  m.  March  30.  Feces  were  examined 
and  Toxascaris  eggs  found. 

April  z8.  Fed    z  cyst  from  m3rocardium  of  sheep. 

April  Z9.  Fed    z  cyst  from  cheek  muscle  of  sheep. 

April  23.  Fed  z6  C3rst9— 3  from  myocardium  and  Z3  from  muscles  of  sheep. 

Hbolcs  were  well  developed. 
April  24.  Fed  i  C3rst  from  myocardium  of  sheep. 
May  2.  Fed  z  cyst  from  m3rocarditun  of  sheep. 
May  Z5.  Fed  z  cy^  from  myocardium  of  sheep. 
May  2z.  Fed  z  C3rst  from  myocardium  of  sheep. 
May   24.  Fed    2  C3rsts  from  muscles  of  sheep. 

Total 24  cjrsts. 

Jtme  zz.  Eggs  of  Toxascaris,  but  no  tapeworm  eggs  found. 

Jtme  27.  Three  broken  ts^worm  segments  found  in  feces. 

July  24.  Chloroformed.  Two  individuals  of  Toxascaris  in  upper  part  of  jejunum. 
Sixteen  or  seventeen  tapeworms  extending  down  into  lower  part  of  colon.  None 
attached  more  than  4  cm.  above  ileocecal  valve.  One  attached  in  cecum.  None 
with  gravid  segments.    Length,  20  to  50  cm. 

Dog  No.  5. — ^A  medium-sized  brindled  male.  Fed  muscle  cysticerci  from  sheep. 
March  29.  Received  one-half  ounce  of  castor  oil  at  5  p.  m.  March  30.  Feces  were 
examined  with  negative  results. 

April  23.  Fed  20  cysts  from  muscles  of  sheep.    Hooks  were  well  developed. 

April  24.  Fed    z  cyst  from  myocarditun. 

May  *  2.  Fed    z  cyst  from  myocardium. 

May   Z5.  Fed    z  cyst  from  myocardium. 

May   2z.  Fed    z  C3rst  from  myocardium. 

May   24.  Fed    2  cysts  from  muscles  of  sheep. 

Total..  26  cysts. 


Digitized  by 


Google 


Oct.  10,1913  Cysticercus  Ovis  23 

June  zz.  Tapeworm  eggs  and  eggs  of  Toxascaris  were  found  in  feces. 

June  19.  Two  or  three  segments  found  in  feces. 

July  34.  Chloroformed.  No  tapeworms  found.  Numerous  dead  fly  larve  in  colon 
azid  small  intestine.  Numerous  Toxascaris  in  upper  part  of  jejunum  and  in  duo- 
denum. 

Dog  No.  6. — ^A  meditun-sized  white  male.  Fed  muscle  C3r8ticerci  from  sheep. 
Itoch  39.  Received  one-half  ounce  of  castor  oil  at  5  p.  m.  March  30.  Feces  were 
examined  and  Toxascaris  eggs  found. 

April  23.  Fed  20  cysts  from  muscles  of  sheep.    Hooks  well  developed. 

April  34.  Fed    z  cyst  from  myocardium. 

May     3.  Fed    z  cyst  from  myocardium. 

May   15.  Fed    z  cyst  from  m3rocardium. 

May  3z.  Fed    z  cyst  from  myocardium. 

May   34.  Fed   2  cysts  from  muscles  of  sheep. 

Total..  36 cysts. 
June  zz.  Tapeworm  eggs  and  eggs  of  Toxascaris  were  found  in  feces. 
Jimc  Z9.  Two  tapeworm  segments  were  found  in  feces. 

July  36.  Chloroformed.  Eight  or  nine  tapeworms  with  gravid  segments,  one  of  them 
measuring  z  meter  in  lezigth.  Heads  attached  Z35  cm.  above  the  ileocecal  valve,  and 
posterior  ends  of  the  worms  extending  to  a  distance  of  55  cm.  from  the  ileocecal  valve. 
Numezotis  individuals  of  Toxascaris  in  jejtmum  and  in  duodenum. 

Dog  No.  7. — ^A  medium-sized  black-and-white  spotted  female.    Fed  Cysticercus 
tenuicolUs  from  peritoneum  of  sheep.    Feces  were  not  examined  before  feeding  cysts. 
April   9.  Fed   4  Cysticercus  tenuicolUs 
April  z8.  Fed   7  Cysticercus  tenuicollis. 
May   38.  Fed    7  Cysticercus  tenuicollis. 

Total..  z8. 

June  33.  Feces  show  a  few  young  tapeworm  segments. 

July  zz.  Found  several  portions  of  tapeworms;  each  portion  contained  from  3  to  30 
segments. 

July  36.  Chlocoformed.  Three  or  four  individuals  of  Toxascaris  in  duodenum  and 
jejunum.    Ten  tapeworms  with  short  strobila  ziot  over  zo  mm.  long  in  duodenum. 

In  continuation  of  the  experiment  with  the  dogs  another  experiment 
was  midertaken  for  the  purpose  of  recovering  the  cjrstic  stages  of  the 
tapeworms.  Ten  lambs  were  purchased  from  a  lot  of  thirty-nine,  the 
remainder  of  which  were  slaughtered  at  one  of  the  packing  houses  in 
Chicago  and  foimd  to  be  free  on  post-mortem  examination  from  both 
muscle  C3rsticerci  and  Cysticercus  tenuicollis.  One  of  the  ten  died  shortly 
after  purchase  and  consequently  was  not  used  in  the  experiment.  The 
sheep  were  kept  dtuing  the  experiment  in  floored  and  covered  pens  in 
one  of  the  sheep  bams  at  the  Union  Stock  Yards,  Chicago,  and  were  fed 
dry  hay  and  occasionally  oats  and  received  water  piped  from  the  water 
mains.  The  identity  of  the  various  lambs  was  maintained  by  numbered 
ear  tags. 

Lamb  No.  z. — July  34.  One  half  of  a  gravid  segment  from  a  tapeworm  out  of  dog  No. 
I  (a  dog  which  had  been  fed  muscle  cysts)  was  cut  in  pieces  and  given  in  a  drench  with 
water. 

August  7.  Dr.  Day  reported  that  lambs  Nos.  z,  3,  3,  and  5  were  more  or  less  sick  but 
would  probably  recover. 
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August  a  I.  Is  very  thin  and  has  a  diarrhea,  but  is  feeding  well. 

October  15  (eighty-three  days  after  feeding).  Chloroformed.  In  poor  flesh,  very 
little  fat.  Cysticerci  were  fotmd  in  the  panniculus  camosus.  Forty-two  degenerate 
cysts  were  counted  in  the  diaphragm ;  ten  degenerate  cysts  in  the  wall  of  the  esophagus. 
Several  cysts  in  anterior  lobes  of  lungs,  2  to  3  mm.  in  diameter ;  contents  caseous.  One 
contained  a  small  dead  cysticercus,  i  mm.  in  diameter;  rudiment  of  head  present. 
Numerous  small  degenerate  cysts  in  heart.  Numenms  cysticerci  in  muscles  of  masti- 
cation; some  living,  others  degenerate.  A  few  nodules  in  the  wall  of  the  rumen,  and 
one  in  the  wall  of  the  fourth  stomach,  a  to  4  mm.  in  diameter,  hard,  sfaotlike,  with 
thick  wall  and  cheesy  contents.  No  cysticerci  were  found  in  these  cysts.  Nodules 
present  on  wall  of  cecum,  probably  Oesophagosiomum.  No  cysticerci  found  in  these 
nodules.  Many  degenerate  cysts  among  those  present  in  the  musculature  in  various 
parts  of  the  body.  The  sizes  of  13  live  cysts  measured  in  situ  were  as  follows,  in  milli- 
meters: 9  by  3.5, 8  by  3,  7  by  4,  7  by  3,  6  by  3,  5  by  4»  4  by  2.5,  5  by  3,  7  by  4,  8  by  4, 
8  by  3,  6  by  2.5,  and  9  by  4.  A  cyst  5  or  6  mm.  in  diameter  with  thick  leathery  cap- 
sule contained  a  live  cysticercus  which  was  active  tmder  the  microscope.  This 
cysticercus  was  not  fully  developed ,  only  the  blade  of  the  hooks  being  formed.  Other 
cysticerci  showed  fully  developed  hooks,  and  cysticerci  from  degenerate  cysts  showed 
in  some  cases  hooks  not  yet  fully  formed. 

Lamb  No.  2. — ^July  26.  A  gravid  segment  from  a  tapeworm  out  of  dog  No.  6  (a  dog 
which  had  been  fed  muscle  C3rsts)  was  given  in  a  drench  with  water. 

August  7.  Dr.  Day  reported  that  lambs  Nos.  1,2,3,  and  5  were  more  or  less  sick  but 
would  probably  recover. 

August  17  (twenty-two  days  after  feeding).  This  animal  died,  but  its  death  was  not 
reported  imtil  two  days  later,  when  decomposition  was  so  far  advanced  that  Dr.  Day 
did  not  attempt  a  post-mortem  examination.^ 

Lamb  No.  3. — ^July  26.  A  gravid  segment  from  a  tapeworm  out  of  dog  No.  6  (a  dog 
which  had  been  fed  muscle  cysts)  was  given  in  a  drench  with  water. 

August  7.  Dr.  Day  reported  that  lambs  Nos.  1,2,3,  and  5  were  more  or  less  sick  but 
would  probably  recover. 

August  18  (twenty-three  days  after  feeding).  This  animal  died.  Decomposition  was 
far  advanced  the  following  day  when  a  post-mortem  examination  was  made,  but  some 
of  the  masseter  muscle  and  some  of  the  muscle  of  a  hind  leg  were  obtained.  Dr.  Day 
reports  that  cysts  in  the  masseter  muscle  were  quite  well  formed  and  contained  a  tiny 
white  spot  just  visible  to  the  eye.  Microscopic  examination  by  Dr.  Day  showed  that 
the  head  was  not  well  formed,  but  papillse  were  evident  on  the  caudal  bladder. 

Lamb  No.  4. — ^July  24.  A  gravid  segment  (cut  in  pieces)  from  dog  No.  i  (a  dog  which 
had  been  fed  muscle  cysticerci)  was  given  in  a  drench  with  water. 

August  7.  In  very  bad  condition;  probably  will  die. 

August  II  (eighteen  days  after  feeding).    Dead. 

August  12.  An  incomplete  post-mortem  examination  was  made  by  Dr.  Day.  Ad- 
vanced decomposition.    A  number  of  cysts  were  obtained  from  the  masseter  muscles. 

Lamb  No.  5. — July  24  a  gravid  segment  from  a  tapeworm  out  of  dog  No.  3  (a  dog 
which  had  been  fed  muscle  cysticerci)  and  on  July  26  two  gravid  segments  from  a  tape- 
worm out  of  dog  No.  6  (a  dog  which  had  been  fed  muscle  cysticerci)  were  given  in  a 
drench  with  water,  a  total  of  three  segments. 

August  7.  Dr.  Day  reported  that  lambs  Nos.  1,2,3,  and  5  were  more  or  less  sick  but 
would  probably  recover. 

>  In  prior  publications  (Ranaam,  19x3,  p.  78;  X9t3>  P>  31)  it  was  erroneotuly  stated  that  all  of  the  lambs 
which  had  been  fed  eggs  of  the  masde  cyst  tapeworm  showed  tapeworm  cysts  in  the  muscles.  The  con- 
dition in  lamb  No.  a,  of  course,  was  not  determined,  as  no  autopsy  was  made  on  this  animal.  The  state- 
ment (Ransom.  19x3,  p.  3x)  that  the  lambs  died  in  14  to  22  days  after  feeding  is  also  inaccurate.  It  should 
be  X3  to  71  days. 
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August  12  (ten  days  after  feeding) .  Dead .  Post-mortem  examination  by  Dr.  Day  the 
following  morning  showed  a  large  number  of  cystic  parasites  in  the  masseter  muscles, 
heart,  tongue,  and  diaphragm.  There  were  also  numerous  cystic  parasites  in  the 
skeletal  muscles  and  a  few  hemorrhagic  spots. 

Lamb  No.  6. — July  34,  four  segments  from  tapeworms  out  of  dogs  Nos.  i  and  3  (dogs 
which  had  been  fed  muscle  cysticerci),  two  segments  from  each  dog,  and  July  26  six 
s^;ments  from  tapeworms  out  of  dog  No.  6  (a  dog  which  had  been  fed  muscle  cysticerci) 
were  given  in  a  drench  with  water,  a  total  of  ten  segments. 

August  5.  Appears  ill  and  out  of  condition. 

August  6  (thirteen  da3rs  after  feeding).  Dead.  Post-mortem  by  Dr.  Day  showed 
that  the  parasites  had  already  migrated  to  the  muscles,  and  were  found  as  very  minute 
cysts,  more  numeitms  in  the  heart  and  masseter  muscles  than  elsewhere.  There  were 
alxmt  25  c.  c.  of  fluid  in  the  pericardium.  The  heart  was  very  thickly  studded  with 
minute  cysts.  There  were  about  350  c.  c.  of  fluid  in  the  peritoneal  cavity.  A  careful 
examination  of  the  fluid  was  made,  but  no  parasites  were  found.  The  liver  appeared 
normal. 

Lamb  No.  7.— July  26.  A  gravid  segment  from  a  tapeworm  out  of  dog  No.  2  (a  dog 
which  had  been  fed  Cysiicercus  tenuicollis  from  the  peritonetmi  of  sheep)  was  given 
in  a  drench  with  water. 

August  21.  Reported  by  Dr.  Day  as  doing  well. 

October  18  (eighty-four  6Ay%  after  feeding).  Chloroformed.  Animal  in  poor  flesh. 
Twelve  to  fifteen  cysts  on  omentum  and  mesenteries,  two  of  which  are  alive,  the  others 
degenerate.  One  degenerate  cyst  under  peritoneum  in  pelvic  cavity.  Degenerate 
C3rsts  vary  in  size  up  to  a  maximum  of  20  mm.  in  diameter.  Contain  dead  cysticerci, 
a  small  amount  of  odorless  serous  fluid  and  flocculent  debris  or  a  greenish,  caseous 
material.  The  live  cysticerci  measure  8  by  15  mm.,  and  show  the  usual  macroscopic 
characters  of  Cysiicercus  tenuicollis,  A  few  degenerate  cysticerci  of  small  size  on  the 
surface  of  the  liver.  No  cysticerci  in  the  muscles,  Itmgs,  or  other  organs,  except  as 
noted  above.    Oesopkagosiomum  nodules  on  the  intestine. 

Lamb  No.  8. — ^July  26.  Ten  gravid  segments  from  a  tapeworm  out  of  dog  No.  2 
(a  dog  which  had  been  fed  Cysiicercus  tenuicollis  from  the  peritoneum  of  sheep)  given 
in  a  drench  with  water. 

August  21.  Reported  by  Dr.  Day  as  doing  well. 

October  1 7  (eighty-three  days  after  feeding) .  Chloroformed.  Animal  in  poor  flesh. 
A  considerable  number  of  small  degenerate  cysticerci  on  surface  and  in  depths  of 
Hver.  About  25  degenerate  cy^  on  omentum  and  mesenteries.  One  live  cysti- 
cercus  on  omentum  about  22  mm.  in  diameter  shows  the  usual  macroscopic  diar- 
acters  of  Cysiicercus  tenuicollis.  One  degenerate  C3rst  on  tendinous  portion  of  diaphragm 
(abdominal  surface).  Small  nodules  in  lungs,  one  of  which  contained  a  young  dead 
cysticercus  showing  imder  the  microscope  transverse  ridges  on  the  cuticle  of  the 
caudal  bladder.  Synthetocaulus  nodules  also  present  on  the  Itmgs.  Several  pockets 
in  the  lungs  with  fibrous  walls  containing  greenish  pus.  The  contents  of  these  pockets 
were  examined,  but  no  cysticerci  were  fotmd.  Heart  and  muscles  were  free  from 
parasites.  A  cyst  from  the  omentum,  8  mm.  in  diameter,  with  thick  fibrous  wall  con- 
tains a  dead  cysticercus  with  evaginated  head  and  bladder  about  3  mm.  in  diameter. 
Two  cysts  from  the  omentum  or  mesentery,  5  and  6  mm.  in  diameter,  respectively, 
contain  each  a  dead  cysticercus  and  a  small  amotmt  of  colorless  serous  fluid  and 
flocculent  debris.  The  other  degenerate  cysts  are  similar,  except  the  contents  in  some 
are  greenish,  caseous.  Their  size  varies  from  2.5  to  10  mm.,  and  all  have  thickened 
walls  H  ^H  ™°^'  thick.  The  degenerate  cyst  from  the  tendinous  portion  of  the  dia- 
phragm is  flattened,  8  mm.  in  diameter.  Its  wall  is  thin,  and  it  contains  a  dead 
Cysiicercus  tenuicollis  and  a  small  amotmt  of  serous  fluid  and  white  flocculent  matter. 


Digitized  by 


Google 


26  Journal  of  Agricultural  Research  voli.no.x 

Lamb  No.  9. — ^A  check  animal,  not  fed  with  tapewonn  segments. 
October  z8.  Gilozoformed.    In  poor  flesh.    Free  from  parasites  except  O^sopha- 
gostomum  nodules  on  the  intestines. 

The  following  experiments  relating  to  the  possibility  of  the  develop- 
ment of  sheep-measle  tapeworms  in  man  have  been  caned  out,  the  writer 
being  the  subject. 

On  March  6,  19 13,  a  cysticercus  about  5  mm.  in  diameter,  and  March  14  another 
cysticercus  of  similar  size,  both  from  sheep  hearts,  were  swallowed.  Both  cysticerci 
were  alive  and  in  good  condition,  exhibiting  lively  contractions  of  the  caudal  bladder 
when  viewed  under  the  microscope.  On  March  38  eight  fully  developed  cysticerci 
were  isolated  from  a  sheep  carcass  heavily  infested  with  Cysticercus  avis  and  swallowed. 
These  C3^cerci  were  apparently  in  good  condition  and  were  undoubtedly  alive, 
as  they  showed  active  movements  under  the  microscope.  No  signs  of  tapewonn 
infestation  have  appeared  in  the  case  of  the  writer. 

SUMMARY  OF  LXFE-HISTGRY  EXPERIMENTS 

Five  dogs  were  each  fed  from  21  to  26  muscle  cysticerci  from  sheep  on 
various  dates  between  March  25  and  May  24.  Subsequent  to  June  11, 
tapeworm  eggs  or  segments  were  demonstrated  in  the  feces,  or  tape- 
worms were  found  post-mortem  in  the  case  of  all  five  dogs.  No  tape- 
worms were  foimd  in  one  of  the  dogs  (No.  5)  post-mortem,  but  a  month 
earlier  this  dog  had  shown  tapeworm  eggs  and  segments  in  the  feces. 
In  the  case  of  two  of  the  dogs  (Nos.  5  and  6)  it  was  evident  that  the  tape- 
worms had  reached  egg-producing  maturity  within  seven  weeks,  as  the 
earliest  feeding  of  cysticerci  was  on  April  23,  eggs  being  demonstrated 
in  the  feces  on  Jime  11.  The  number  of  tapeworms  recovered  varied 
from  7  to  16. 

Two  dogs  were  fed  Cysticercus  tenuicollisy  18  and  21  cjrsticerci,  respec- 
tively, between  April  5  and  May  28.  The  first  tapeworm  eggs  were  found 
in  the  feces  on  Jime  22.  On  post-mortem  examination  9  tapeworms 
were  fotmd  in  one  dog  and  10  in  the  other. 

Six  lambs  (Nos.  i  to  6)  were  fed  with  gravid  segments  of  tapeworms 
from  the  dogs  which  had  been  fed  Cysticercus  ovis,  two  (Nos.  7  and  8) 
with  gravid  segments  of  tapeworms  from  one  of  the  dogs  which  had  been 
fed  C.  tenuicoUis,  and  one  (No.  9)  was  retained  under  the  same  conditions 
as  the  others  but  without  receiving  any  cysticerci.  Lambs  Nos.  i  to  6 
received  }4  to  10  segments,  and  lambs  Nos.  7  and  8,  i  and  10  segments, 
respectively.  Of  the  former  all  but  the  one  receiving  half  a  segment  died 
in  13  to  23  days  after  feeding,  the  one  receiving  10  segments  being  the 
first  to  die,  followed  by  one  receiving  i  segment  (death  in  18  days),  then 
by  one  receiving  3  segments  (death  in  19  days),  then  by  two  more  receiving 
I  s^^ent  each  (death  in  22  and  23  days,  respectively),  leaving  the  lamb 
which  received  half  a  segment  to  survive  until  killed — 83  days  after  feed- 
ing.    Both  of  the  lambs  fed  with  segments  of  Taenia  hydatigena  (adults 
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of  C.  tenuicoUis)  survived  until  killed  at  the  close  of  the  experiment. 
All  but  one  of  the  lambs  (No.  2),  which  died  22  days  after  feeding,  were 
examined  post-mortem. 

Omitting  this  lamb  from  consideration,  all  of  the  lambs  which  received 
s^[ments  from  the  tapeworms  produced  by  feeding  muscle  cysticerd 
showed  cysticerd  in  their  musdes  when  examined.  Those  found  in  the 
lamb  which  died  13  days  after  feeding  were  very  small;  those  in  the 
lamb  which  died  23  days  after  feeding  were  somewhat  farther  along 
in  devdopment,  the  b^;innings  of  the  head  being  already  evident. 
Eighty-three  days  after  feeding,  the  musde  cysticerci  were  found  to 
have  reached  full  devdopment;  some  which  had  fully  developed  were 
already  more  or  less  degenerated,  and  some  were  found  which  had  begtm 
to  d^enerate  before  they  reached  thdr  full  devdopment.  In  addition 
there  were  present  live  cysticerd  which  had  not  yet  fully  devdoped. 

The  lambs  which  had  been  fed  segments  of  Taenia  hydatigena  showed  a 
few  Cysficercus  tenuicoUis,  most  of  which  were  d^enerate.  In  both 
animals  there  were  small  degenerate  cysticerd  on  the  liver.  There  were 
no  visible  lesions  of  the  liver  in  the  lambs  fed  segments  of  T,  ovis.  No 
C  tenuicoUis  was  found  in  any  of  the  lambs  fed  segments  of  T.  ovis,  and 
no  C.  avis  in  the  lambs  fed  segments  of  T.  hydatigena.  The  check  lamb 
showed  ndther  C.  tenuicoUis  nor  C.  ovis,  and  ndther  of  these  parasites 
was  found  at  the  post-mortem  inspection  of  the  remainder  of  the  lot 
from  which  the  experiment  sheep  had  been  sdected. 

Since  these  experiments  show  that  musde  cysticerd  in  sheep  resembUng 
Cysiicercus  ceUulosae  and  corresponding  to  the  form  described  by  Cob- 
bold  as  C.  ovis  develop  into  tapeworms  when  swallowed  by  dogs,  it  has 
been  definitdy  proved  that  these  cysticerd  are  not  C.  ceUulosae.  The 
adult  of  C  ceUulosae  (Taenia  solium)  does  not  occur  in  dogs;  moreover, 
the  tapeworms  which  were  produced  in  the  dogs  are  quite  different  from 
T.  solium.  Furthermore,  the  experiments  prove  that  the  musde  cysti- 
cercus  and  its  adult  stage  are  spedfically  distinct  from  C.  tenuicoUis  and 
T.  hydatigena.  It  appears  that  the  ingestion  of  one  or  more  gravid 
s^;ments  of  T.  ovis  is  likdy  to  prove  fatal  to  sheep. 

Attempts  to  produce  tapeworms  in  man  by  feeding  mutton  cysticerd 
failed.  On  three  occasions  live  mutton  cysticerd  were  swallowed  by  the 
writer,  a  total  of  10  cysticerd  bdng  ingested.  No  evidence  of  tapeworm 
infestation  has  since  appeared.  This  experiment  tends  to  prove  that 
Cysiicercus  ovis  is  not  transmissible  to  man. 

SYNOPSIS  OF  LIFE  HISTORY 

The  adult  of  Cysiicercus  ovis  is  a  tapeworm  (Taenia  ovis)  which  occurs 
in  the  intestine  of  dogs.  Since  the  parasites  which  live  on  dogs  as  a  rule 
also  thrive  cm  wolves,  and,  since  coyotes  and  other  wolves  frequently 
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devour  sheep,  it  is  quite  likely  that  T,  ovis  also  occurs  in  coyotes  and  other 
wolves  as  well  as  in  dogs.  In  view  of  the  fact,  however,  that  dogs  come 
in  much  closer  relations  with  sheep  it  seems  quite  evident  that  dogs  are 
chiefly  responsible  for  the  transmission  of  the  parasite  to  sheep.  It  is 
possible  though  rather  unlikely  that  the  tapeworm  occurs  in  other  carni- 
vores than  dogs  and  wolves.  There  is  little  likelihood  that  the  parasite 
is  transmissible  to  man,  and  for  all  practical  purposes  its  nontransmis- 
sibility  to  man  may  be  considered  an  established  fact.  No  such  tape- 
worm has  been  reported  from  man,  and,  moreover,  there  are  no  authentic 
cases  of  the  occurrence  in  man  of  any  dog  tapeworm  belonging  to  the 
genus  Taenia.  Furthermore,  Chatin  has  noted  that  the  swallowing  of 
muscle  cysticerci  from  sheep  failed  to  result  in  infestation  in  his  case. 
The  present  writer,  as  already  noted,  has  likewise  on  three  occasions 
swallowed  live  and  active  muscle  cysticerci  from  sheep  without  resulting 
infestation  (p.  26). 

Following  the  ingestion  of  the  eggs  of  the  tapeworm  by  sheep,  the 
parasites  reach  the  muscles  in  less  than  13  days;  they  either  do  not  pass 
through  the  liver  or,  tmlike  Cysticercus  ienuicollis,  leave  no  trace  of  their 
passage  through  this  organ.  In  less  than  three  months  (83  days)  the 
cysticerci  reach  their  full  development.  As  early  as  seven  weeks  after 
the  ingestion  of  the  cysticercus  by  a  dog,  its  development  to  the  mature 
egg-produdng  tapeworm  may  be  complete.  The  development  therefore 
appears  to  be  somewhat  more  rapid  than  in  the  case  of  Taenia  hydatigena, 
which  was  foimd  by  Leuckart  (1856a)  to  require  from  10  to  12  weeks. 
No  doubt,  however,  the  period  required  for  development  is  subject  to 
great  variation,  and  though  seven  weeks  is  perhaps  near  the  minimum 
for  T.  ovis,  the  period  very  likely  may  be  greatly  prolonged,  as  has  been 
noted  by  Hall  (191 1,  p.  510)  in  the  case  of  the  gid  tapeworin. 

ZOOLCXilCAL  DESCRIPTION  OF  THE  SHEEP-MEASLE  PARASITE 

Taenia  ovis  (Cobbold,  1869)  Ransom,  n.  comb.,  1913. 

X869:  Cystictrcus  trvis  Cobbold,  1869a,  p.  30,  fig.  a  (in  Ovis  arUs\  Bngkuid). 

X873:  Cystictrcus  ovipariens  Maddox,  18738.  p.  345-953,  pi.  z8,  figs.  z-z5,  zt-xS,  pi.  19,  fig.  x  (in  Ovis 

ones;  England). 
1)378:  Cysticercus  aUulosa*  of  KUchenrndster,  1878,  in  KQchenmeister  and  Ziim,  x878-x88ia.  p.  104 

(apiMu^nt  misdeterxnination  of  C.  ovis;  in  Ovis  aries;  Germany). 
Z885:  Cysticercus  ienuicollis  of  Chatin  in  Railliet,  x885a,  p.  a34  (apparent  miadetennination  of  C.  ovis; 

in  Ovis  aries:  France). 
x886:  Cysticercus  oviparus  Leuckart  z886d,  p.  498  (for  C.  ovipariens). 
X9Z3:  Taenia  ovis  (Cobbold)  Ransom,  19x3. 

Specific  Diagnosis  of  Taenia. 

Larval  stage. — ^An  oval  cjrsticercus  (PI.  II,  fig.  i)  3.5  by  2  mm.  to  9  by  4  mm,  in 
diameter.  Head  and  neck  invaginated  from  the  wall  of  the  caudal  bladder  not  at 
one  end  but  about  midway  between  the  ends.  Membrane  of  bladder  very  thin; 
with  small  mammillate  projections;  not  corrugated  transversely  (fig.  5  and  fig.  6,  a). 
Neck  transversely  corrugated,  coiled  spirally  when  invaginated,  i  to  5  mm.  long  when 
evaginated.    Head  500  to  800/1  in  width ;  suckers  oval,  240  to  320/i  in  diameter;  rostel- 
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Fio.  5. — CysHcereus  avipariens 
("  C  ovis):  Papillse  on  caudal 
bladder.  X  x6o.  (After  Mad- 
dox.  1873a,  pi.  z8,  fig.  15.) 


hiin  prominent,  275  to  375^1  in  diameter.    Hooks  (fig.  6)  24  to  36  in  number,  commonly 

a8  to  32,  arranged  in  a  double  crown  of  alternating  large  and  small  hooks.    Hooks 

rather  slender  (more  slender  and  more  lightly  built  than  those  of  Cysticercus  cellulosae) ; 

dorsal  root  of  large  hooks  longer  than  the  blade;  in  both 

large  and  small  hooks  a  more  or  less  well-marked  outward 

curving  of  the  dorsal  border  of  the  hook  in  the  transitional 

region  between  the  blade  and  dorsal  root;  ventral  root  of 

small  hooks  transversely  enlarged,  not  bifid  but  sometimes 

presenting  a  faint  median  groove.    Large  hooks  156  to  188/1 

kmg,  average  173/t;  blade  (from  point  of  blade  to  tip  of 

ventral  root  measuring  in  a  straight  line)  68  to  84/c,  average 

jSft  (based  on  measurements  of  24  hooks,  fully  developed 

or  nearly  so,  from  10  cysticerci  taken  from  various  sheep 

and  13  hooks  from  the  heads  of  4  adult  worms).    Small 

hooks  96  to  laSfi  long,  average  1x3^1;  blade  (from  point  of 

blade  to  tip  of  ventral  root  measuring  in  a  straight  line)  48 

to  60^,  average  57/1  (based  on  measurements  of  26  hooks,  fully  developed  or  nearly  so, 

from  II  cysticerci  taken  from  various  sheep  and  10  hooks  from  the  heads  of  4  adult 

worms).^ 

Calcareous  corpuscles  numerous  in  the  neck,  less  numerous  in  the  head,  and  very 
rare  in  the  caudal  bladder. 

Adult  stage  (PI.  II,fig.3 ;  text  figs.  7, 8,9,and  10). — Length  of  living  worms  with  gravid 
segments,  45  to  no  cm.  Length  (preserved  material),  14  to  53  cm. ;  maximum  width, 
4  to  8.5  mm.;  terminal  segments,  2.5  to  15  mm.  long  by  4  to  6  mm.  broad,  usually 
kmger  than  broad  (measurements  of  17  specimens  with  gravid  segments).  Strobila 
tends  to  twist  in  the  form  of  a  spiral.  Head  0.8  to  1.25  mm.  in  breadth;  neck,  0.65 
to  0.9  mm.  wide  (measurements  of  26  preserved  specimens).  Rostelltun  375  to  430/1 
in  diameter  (8  specimens).  Suckers  270  to  320^  in  diameter  (4  specimens).  Number, 
airangexiient,  shape,  and  size  of  hooks  as  in  larva.  Segments  with  convex  lateral 
holders,  in  consequence  of  which  the  edge  of  the  strobila  commonly  presents  a  scal- 
feped  outline  whose  regularity  is  broken  by  the  protuberant  genital  papille.  The 
genital  papilla  are  irregularly  alternate  and  are  situated  posterior  of  the  middle  of  the 
segment;  in  gravid  segments  they  may  attain  a  diameter  of  over  i  mm.  and  a  height 
of  three-fourths  of  a  mm.  Genital  sinus  large,  varying  in  depth  and  width  up  to  a 
maximum  of  about  400/1.  Cirrus  pouch  450  to  550/t  long;  inner  end  near  the  outer 
side  of  the  ventral  longitudinal  excretory  vessel.  The  testicles  are  distributed  in  an 
area  which  extends  anteriorly  to  the  anterior  limits  of  the  segment  and  laterally  to  the 
kmgitudinal  excretory  vessels.  This  area  is  bounded  posteriorly  by  a  curved  line 
which  in  sexually  mature  segments  intersects  the  median  line  at  a  distance  from  the 
anterior  border  of  the  segment  varying  from  a  little  more  than  a  third  to  a  little  less 
than  half  the  length  of  the  segment  and  intersects  the  longitudinal  excretory  vessels 
a  diort  distance  in  front  of  the  posterior  border  of  the  segment,  thus  leaving  an  approxi- 
mately semicircular  space  entirely  free  from  testicles,  most  of  which  is  occupied  by 
the  ovary.    Behind  the  latter  is  the  so-called  yolk  gland.    The  ovary  is  bilobed,  the 

1  Measurements  of  26  hooks* 


Member. 

Larva. 

Adult. 

Member. 

Larva. 

Adult. 

Large  books: 

1^' 

156  to  x88 

173 

76  to  80 

79 

It- 

z6o  to  284 

173 

68to   84 

75 

Small  hooks: 
Eatire 

96  to  120 
5a  to  60 

57 

X04  to  xa8 

Avcrase                  ■ . 

Average 

zx6 

Blade..  .7 

Blade 

48  to    60 

Averace 

Average  

57 
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TSr&t/a  so/ftfm(hrva) 


Tcr&fia  /ryicfafi^gefia(hrm) 


v! 


-wur 


ia 


Pio.  6.— Hooks  of  TatHMa  avis,  T.  hdaH^tMO,  T.  solium,  T.  haUnictps,  and  T.  iroMM.  Large  and  small 
hooks  dcsisnatcd  by  the  same  letters  are  from  the  same  heads.  The  hooks  shown  in  v  and  v^  are  from  the 
type  material  of  T.  krabbei  (B.  A.  I.  No.  xgiS*)-    Enlarged.    (Original.) 
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andpoial  lobe  beixig  sligjitly  lafger  than  the  other.    Laterally  the  ovary  extends  to 
the  testicular  field,  but  anteriorly  is  separated  from  it  by  a  ^>ace  which  is  greatest  in 


Pig.  7.— Sexually  mature  segments  of  Tam^ia  avis.    Enlarged.    (Original.) 

the  median  line.     Posteriorly  the  testicular  field  extends  beyond  the  posterior  limits 

of  the  ovary  but  slightly,  if  at  all,  and  falls  short  of  a  transverse  line  drawn  through 

the  posterior  border  of  the  yolk  gland. 

Gravid  uterus  (figs.  9  and  10)  with  20 

to  35  hiteral  branches  from  the  median 

■^^   Eggs  (embryophores)  oval,  30  by 

^  to  34  by  28/t  in  diameter. 

Hosts.— Larval  stage:  Sheep  (Ovis 
^•,^t{Capra  kifcus),^  Adultstage: 
%  (Cants  familiaris), 

I*ocATiON. — Larval  stage:  Muscles 
O'wt,  voluntary  muscles,  esophagus), 
""^rarely  lungs,  wall  of  stomach  (?), 

^  kidneys  ( ?).     Adult  Staire :  Lumen     ^°-  »-SexuaUy  mature  segments  of  Tamia  kydoU- 
<rf small  intestine.  ^-   ^'^'^'   <Ori«^> 

l*0CAUTiBs. — England,  Fhmce,  Germany,  Algeria,  German  Southwest  Africa,  New 
2^^^,  and  United  SUtes. 

^«  SpbcimBNS. — Probably  not  in  existence. 

^^^^^ARKS  ON  MORPHOLOGY  AND  COMPARISON  WITH  OTHER  SPECIES 

^^  larval  stage  of  the  sheep-measle  tapeworm  somewhat  resembles 

y^^cercus  ceUulosae  in  its  general  morphology.    The  spirally  disposed 

th     ^^  ^^^^  ^"^  ^^  mammillate  surface  of  the  caudal  bladder  suggest 

Pork  c)rsticercus.    The  smaller  average  size  and  more  delicate  struc- 

,.     ^  the  cysticercus  and  the  shape  and  number  of  the  hooks,  however, 

sK  f '^^^  *^  quite  clearly  from  C.  ceUulosae,    The  hooks  are  somewhat 

/^^^^  in  build,  have  smaller  blades,  and  are  different  in  outline;   the 

y^^  commonly  exceeds  the  usual  number  found  in  C.  ceUulosae, 

.    ™*l  the  limits  of  variation  in  number  are  such  in  the  two  forms  (24 

_^^  in  C.  ceUulosae,  according  to  various  authors,  and  24  to  36  in  C. 

>t^^""" 

,^j^  7**  itoocd  b  based  on  a  spedtDen  in  the  collection  of  the  Btareau  of  Animal  Industry  ooQe^^ 
VnL/"^  ^^  li'^^'t  of  a  soat  about  a  yean  old,  origin  unknown,  slaushtcred  at  one  of  the  abattoirs  in 
^*^  City.  Mo. 

7954^—13 ^3 
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avis)  that  a  definite  diagnosis  can  not  be  made  in  individual  cases  on  the 
basis  of  the  number  of  hooks  if  this  number  happens  to  be  32  or  less. 

Apart  from  the  fact  that  its  normal  location  is  in  muscle  and  not  on 
serous  membranes,  Cysiicercus  ovis  may  be  distinguished  from  C.  ienui- 
coUis  by  its  smaller  size,  the  different  relationship  of  the  head  and  neck 


H- •  I  I 

iiTim.  ifnjTi; 

Pig.   9.— Gnvkl    segments  of    Taenia  avis.     Enlarged.       Pio.  lo.— Gravid  segments  of  Taenia  kyd^ 
(Original.)  iigena.    Enlarged.    (Original.) 

to  the  caudal  bladder,  the  presence  of  mammillate  projections  on  the 
surface  of  the  caudal  bladder  instead  of  transverse  corrugations,  and  the 
different  size  of  the  hooks.  In  C.  ienuicoUis  the  head  and  neck  are 
invaginated  from  one  end  of  the  caudal  bladder  instead  of  from  the  side, 
as  in  C.  ovis  (PI.  II,  figs,  i  and  5).  The  mammillate  projections  on  the 
surface  of  the  caudal  bladder  of  C.  ovis  (figs.  5  and  1 1)  are  very  much  in 
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contrast  to  the  transverse  rugae  on  the  caudal  bladder  of  C.  lenutcoUis 
(fig.  12). 

As  the  nrmber  of  hooks  of  Cysiicercus  ienuicoUts  has  been  found  by 
various  observers  to 
vary  from  26  to  44,  an 
accurate  distinction  be- 
tween tins  form  and  C. 
ens  idrich  would  be 
appKcabk  in  all  cases 
can  not  be  dravni  on 
the  basis  of  the  number  , 

of  hoob,  though,  as  a  *  r— • 

nile,  the  number    of  ^^^^ 

Jwob  found  in  C.  ovis 
is  less  than  the  num- 
ber commonly  present 
'^C.ietimcoUis.     There 

is  also  an  nverlaoning'    ^^^-  "—Surface  of  caudal  bladder  of  CysUotrcut  wis  showing  papUke. 
mffc.   •         r  *C^^      1  Enlarged.    (Original.) 

10  me  size  of  the  hooks, 

tht  recorded  limits  for  the  large  hooks  being  170  to  220/1  in  C.  tenmcoUis 
(larva  and  adult)  and  156  to  188/1  in  C.  ovis  (larva  and  adult),  and  for 
the  small  hooks  no  to  i6o/£  in  C.  ienuicoUis  (larva  and  adult)  and  96  to 

128/1  in  C.  ovis  (larva  and 
adult). 

The  hooks  of  Cysiicercus 
ienuicoUis^  however,  average 
considerably  larger  than 
those  of  C.  ovis,  both  in  total 
length  and  in  length  of  blade 
(fig.  6).  In  25  lai^e  hooks 
^.^^^  from  four  adult  and  two 
Homm.  larval  individuals  of  Taenia 
hydaiigena  (C.  ienuicoUis) 
ranging  in  length  from  180 
to  2 1 2/1,  averaging  197/1,  the 
blade  varied  from  f  2  to  io8/£ 
in  length  and  averaged  93/1; 
and  20  small  hooks  from  the 
same  specimens  ranging  in 
length  from  116  to  136/1, 
average    129/1,    1)^    blades 

PB.  xj.-aarfMC  of  caadal  bladder  of  Cysiktrcus  tmrnicoOis    ranging    in    length   from    6o 
AowiBfftniwvcnefiinowi.    Ealarged.    (Original.)  j-q  y^^^   average   68/£.       The 

average  length  of  37  large  hooks  of  T.  ovis  (adult  and  larva)  having  a 
range  of  156  to  i88/c  was  173/1,  with  the  blade  ranging  from  68  to  84/1, 
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average  jSpL.  The  avemge  length  of  36  small  hooks  of  T.  ovis  (adult 
and  larva)  having  a  range  of  96  to  iiSpt  was  ii3;u,  with  the  blade 
ranging  from  48  to  60/c,  average  57/1.  In  form  the  hooks  of  T.  hydatigena 
and  T.  ovis  are  very  similar.  The  small  hooks  may  be  distinguished 
from  each  other  by  the  fact  that  the  ventral  root,  though  transversdy 
enlarged  in  both  species,  is  rather  deeply  bifid  in  T.  hydatigena  (fig.  6,  r*), 
a  condition  which  is  absent  in  T.  ovis  or  at  most  only  faintly  indicated. 

Of  the  more  common  tapeworms  of  the  dog  the  one  with  which  Taenia 
ovis  seems  most  likely  to  be  confused  is  T.  hydatigena  (T.  marginaia),  the 
adult  of  Cysticercus  ienuicoUis.  Apart  from  the  differences  exhibited  by 
the  hooks  as  noted  above,  the  s^^ents  of  the  strobila  show  certain 
characters  by  which  the  two  species  may  be  differentiated.  (PI.  II, 
figs.  3,  4,  5;  and  text  fig.  6.)  The  strobila  of  T.  hydatigena  is  thicker 
(dorso-ventrally)  relatively  to  its  other  dimensions  than  that  of  T.  ovis 
and  the  latter  has  a  tendency  to  twist  spirally.  The  s^^ents  of  T. 
hydaiigena  have  a  rather  regular  quadrilateral  form,  and  the  edge  of  the 
strobila  is  comparatively  straight,  whereas  in  T.  ovis  the  s^^ents  have 
convex  lateral  borders,  the  convexity  usually  being  well  marked,  and 
the  edge  oi  the  strobila  presents  a  scalloped  outline.  The  posterior 
margin  of  the  s^^ent  projects  more  prominently  in  the  former  than  in 
the  latter  species.  In  T,  ovis  the  genital  pore  is  in  a  large  prominent 
genital  papilla,  and  there  is  a  large  and  deep  genital  sinus;  in  T.  hydaiigena 
the  genital  papilla  is  small  and  the  genital  sinus  shallow  and  inconspicuous. 
The  testicles  in  T.  ovis  do  not  extend  posterior  of  a  line  drawn  through 
the  anterior  border  of  the  yolk  gland  parallel  with  the  posterior  border 
of  the  segment;  in  T.  hydatigena  they  extend  beyond  the  posterior  limits 
of  the  ovary  and  yolk  gland  practically  to  the  posterior  border  of  the 
segment  (figs.  7  and  8).  With  respect  to  the  branching  of  the  uterus, 
T.  ovis  and  T.  hydaiigena  are  quite  different,  the  uterus  of  the  former 
having  20  to  25  lateral  branches  from  each  side  of  the  median  stem, 
whereas  the  uterus  of  the  latter  has  but  5  to  8  such  branches  (figs.  9  and  10). 

Other  well-known  tapeworms  of  the  dog,  such  as  Taenia  pisiformis 
(T.  serraia),  MtUticeps  multiceps  (T.  coenurus),  Multiceps  serialis  (T. 
serialis),  Echinococcus  granulosus  (T.  echinococcus),  and  Dipylidium 
caninum,  are  less  likely  than  T.  hydatigena  to  be  confused  with  T.  ovis. 
In  addition  to  distinct  morphological  differences,  the  small  size  of  E. 
granulosus  and  D.  caninum  precludes  any  chance  of  mistaking  them  for 
T.  ovis,  T.  pisiformis  may  be  distinguished  by  the  large  size  of  its  hootcs 
(the  large  hooks  being  225/c  or  more  in  length)  and  the  small  number 
of  lateral  branches  6l  the  uterus  (8  to  10).  Af.  serialis  may  be  dis- 
tinguished from  T.  ovis  by  the  fact  that  the  hooks  are  considerably 
smaller,  the  recorded  limits  of  length  of  the  large  hooks  being  135/1  and 
157/1,  that  the  ventral  roots  of  the  small  hooks  are  distinctly  bifid,  and  that 
the  genital  papillae  are  small  and  inconspicuous.  Af .  multiceps  has  large 
hooks  about  the  same  in  length  as  those  of  T.  ovis  but  with  blades  longer 
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tban  half  the  total  length  of  the  hook;  and  as  the  genital  sinus  and  genital 
papilla  are  very  small,  the  two  species  may  be  readily  distinguished  frcmi 
eadi  other. 

Of  the  less  common  or  less  known  tapeworms  of  the  dog  the  species  of 
DtbdhriocephcUus  and  Mesocestoides  are  immediately  to  be  distinguished 
from  Tcienia  ovis  by  the  absence  of  cephalic  hooks  and  rostellum  and  by 
the  locaticm  of  the  genital  pores  in  the  ventral  median  line  of  the  segment. 
Likewise,  the  absence  of  hooks  and  rostdlum  distinguishes  Ophidioiaema 
puiUca  (Prcieocephalus  putUcus)  ^  from  T.  ovis. 

The  remaining  species  of  tapeworms  known  to  occur  in  the  dog  are 
Taenia  balamceps,  T.  brauni,  T.  brachysoma,  and  T.  krabbei,  all  of  which, 
with  the  exception  of  the  last,  may  be  readily  distinguished  from  T.  ovis 
upon  the  basis  of  their  published  descriptions. 

Taenia  balamceps  Hall  (1910,  pp.  139^151,  figs.  1-8)  differs  from  T.  ovis 
in  various  particulars,  among  which  may  be  mentioned  the  following: 
The  worm  is  smaller,  the  length  of  the  longest  specimen  being  only  24  cm. ; 
the  head  is  smaller,  not  exceeding  752/1  in  breadth,  and  the  segments  in 
corresponding  stages  of  development  are  smaller.  The  hooks  are  smaller, 
93  to  gSfi  being  given  as  the  limits  of  length  of  the  small  hooks  and  i45/£ 
as  the  length  ot  the  large  hooks  (fig.  2.)  The  testicles  extend  practically 
to  the  posterior  border  of  the  segment,  as  in  T.  kytUxUgena.  The  lateral 
branches  of  the  uterus,  instead  of  being  slender  and  more  or  less  sq)arated 
by  intervening  spaces  as  in  T.  ovis^  are  comparatively  thick  and  are 
pressed  dose  together. 

Taetda  brauni  Setti,  1897  (Setti,  1897b,  pp.  210-214,  pi.  8,  figs.  9-14), 
differs  f rcmi  T  ovis  in  that  it  is  much  smaller,  its  total  length  being  from 
15  to  18  cm.,  and  the  size  of  the  posterior  segipents  5  or  6  mm.  long  by  3.5 
mm.  wide.  T.  brauni  was  described  as  lacking  a  true  rostellum  but  as 
possessing  a  double  crown  of  30  hooks,  the  large  hooks  measuring  130  to 
140/f,  though  in  some  cases  only  95  to  loo/i  in  length,  and  the  small  hooks 
usually  85  to  90/c,  occasionally  70  to  75/c,  in  length.  T.  ovis,  however,  has 
a  well-developed  rostellum  and  hooks  considerably  larger  than  the  dimen- 
sions given  for  T.  brauni  and  is  thus  clearly  a  different  species  from 
the  latter,  though  the  two  forms  agree  in  possessing  prominent  genital 
pafHlke  and  perhaps  are  similar  in  r^;ard  to  the  branches  of  the  uterus, 
as  Setti  states  that  the  lateral  branches  are  numerous,  slender,  and  per- 
pendicular to  the  medium  stem. 

Taenia  brachysoma  Setti,  1899  (Setti,  1899c,  pp.  11-20,  pi.  i,  figs.  1-9), 
is  also  a  much  smaller  species  than  T.  ovis,  specimens  with  gravid  seg- 
ments being  not  over  10  cm.  long  and  not  over  3  mm.  in  maximum 
width.  The  number  of  hooks  is  30  to  32.  The  large  hooks  measure  135 
to  i45/£  and  the  small  hooks  95  to  105/1  ^  length,  the  former  thus  being 
considerably  smaller  than  in  T.  ovis,  and  the  latter  averaging  smaller. 
The  ventral  roots  of  the  small  hooks  are  described  as  having  a  median 
groove,  thus  presenting  a  condition  intermediate  between  simple  and 

>  This  tpedes,  as  pointed  out  by  Hall  (19x0,  p.  146),  is  probably  not  a  true  parasite  o<  the  dog. 
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bifid,  at  the  same  time  twisted  so  that  the  lateral  axis  tends  to  lie  in  the 
plane  of  the  blade  and  dorsal  root.^ 

The  genital  papillae  are  small  and  inconspicuous  in  T.  brachysoma  and 
the  genital  sinus  measures  not  over  lyofi  in  maximum  depth.  The  lat- 
eral branches  of  the  uterus  number  cmly  10  to  12  on  each  side  of  the 
median  stem. 

TaetidakrabbeiMomez  (1879c,  pp.  161-163;  1880a,  pp.  44-50,  56,  pi.  i, 
figs.  12-14,  pi.  2,  figs.  4-7)  produced  in  a  dog  by  feeding  C)rsticerci  from 
the  muscles  of  reindeer  is  described  as  much  longer,  wider,  and  thicker 
than  T.  coenurus  and  T,  serrata  and  has  much  wider  segments  propor- 
tional to  their  length,  but  its  head  is  more  delicate.  It  is  also  much 
larger  than  T.  marginata,  the  head  is  larger,  and  the  segments  are  wider 
in  proportion  to  their  length.  The  genital  pores  are  located  in  large 
pajnllse,  often  attaining  a  diameter  of  i  millimeter,  equal  to  the  length 
of  the  contracted  s^^ent.  The  c)^ticercus  according  to  Moniez  is 
much  smaller  than  the  cysticercus  of  T.  solium.  The  number  of  hooks 
varies  from  26  to  34.  The  caudal  vesicle,  compared  to  the  size  of  the 
head  and  neck,  is  very  slightly  developed  and  does  not  contain  much 
fluid.  The  orifice  of  invagination  of  the  cysticercus  may  be  either  at 
one  pole  or  at  one  side.  The  invaginated  head  and  neck  commonly  curve 
spirally  as  in  Cysticercus  cellulosae,  but  to  a  less  degree.  The  size  of  the 
hooks  is  not  given  by  Moniez. 

If  the  stated  magnification  of  a  drawing  by  Moniez  is  correct,  the 
length  of  the  large  and  small  hooks  would  be  about  21  Sfi  and  i6ofi,  respec- 
tively, but  inasmuch  as  the  large  hooks  of  C.  tenuicollis,  shown  in  another 
drawing,  measure,  according  to  the  magnification  given,  about  350/1  in 
length,  whereas  the  maximum  recorded  length  is  less  than  250/1,  it  is 
not  unlikely  that  there  has  been  some  error  also  in  stating  the  magnifi- 
cation of  the  drawing  of  the  hooks  of  T.  krabbei,  so  that  sizes  calculated 
from  the  magnifications  of  Moniez 's  drawings  can  not  be  considered  at 
all  accurate.  Cysticerd  in  the  Bureau  of  Animal  Industry  Helmintho- 
logical  Collection  found  in  reindeer  in  Alaska  by  Dr.  D.  S.  Neuman  and 
corresponding  to  T,  krabbei,  so  far  as  may  be  determined  from  Moniez's 
description  and  figures,  except  as  to  the  size  of  the  hooks,  have  hooks 
(fig.  6)  of  the  following  dimensions:  Large  hooks  150  to  i/o/c  in  length, 
average  i62/£,  with  blades  75  to  Bo/x  long,  average  77 ji;  small  hooks  85 
to  i20/£  in  length,  average  107 fi,  with  blades  52  to  60//  long,  average  57/1 
(measurements  based  on  34  large  and  34  small  hooks  from  8  cysticerd). 
The  average  size  of  the  hooks  is  thus  less  than  the  average  of  the  hooks 
in  C.  ovis,  but  they  show  no  remarkable  difference  in  form  from  those 
of  the  latter.  Corresponding  dosdy  to  Moniez's  findings,  the  number 
counted  on  dght  heads  varied  from  26  to  32.  The  invaginated  head  and 
neck  of  the  cysticercus  form  a  much  larger  structure  than  in  C.  ovis  both 
actually  and  rdativdy  to  the  size  of  the  caudal  bladder.     On  account  of 

1  Settl  does  not  make  it  dear  whether  this  twisted  condition  is  invariably  present.    The  small  hodcs  oC 
Tamia  kydatiffmta  commonly  pccsent  a  similar  ai>pearance  after  sob jection  to  the  pressure  of  a  cover  glass. 
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their  shriveled  condition  the  size  of  the  cysticerd  could  not  be  accurately 
determined;  apparently,  however,  they  are  somewhat  smaller  than  C. 
cellulosae,  rather  slender  and  omsiderably  elongated.  The  C3rsticercus 
of  T.  krabbei  is  readily  distinguished  from  C.  avis  by  its  elongated  form, 
by  the  fact  that  the  orifice  of  invagination  of  the  head  and  neck  is  com- 
monly at  one  end  of  the  cysticercus  instead  of  at  the  side,  and  by  the 
larger  size  of  the  body  formed  by  the  invaginated  head  and  neck  both 
actual  and  relatively  to  the  size  of  the  caudal  bladder.  On  account  of 
certain  evident  similarities,  such  as  the  prominent  genital  papillae,  and 
on  account  of  the  lack  of  an  acctuate  detailed  description  of  T,  krabbei, 
no  clear  distinctions  can  be  drawn  between  T,  krabbei  and  T.  ovis,  though, 
no  doubt,  distinct  differences  could  be  found  upon  comparing  specimens 
of  the  two  species. 

Since  the  foregoing  paragraph  was  written  some  of  Moniez's  cotypes 
have  been  received  from  Prof.  R.  Blanchard,  one  specimen  of  the  adult 
(B.  A.  I.  No.  17351)  and  two  specimens  of  the  cysticercus  (B.  A.  I.  No. 
17352).  The  cysticerd,  considerably  shrunken,  measure  about  2  by  3 
mm.  The  surface  of  the  caudal  bladder  is  mammillated  (as  is  also  the 
case  in  the  Alaskan  C3rsticercus),  and  the  cysticercus  in  this  character 
thus  resembles  Cysiicercus  avis.  The  number  of  hooks  was  not  deter- 
mined, as  most  of  them  in  the  one  spedmen  dissected  were  lost  in 
mounting.  Two  of  the  large  hooks  measured  i48/£  in  length  and  had 
blades  70ju  long.  A  small  hook  measured  105/c  in  length  and  had  a  blade 
6o/£  long  (fig.  6,  Vj  v').  It  has  thus  been  determined  that  the  sizes 
heretofore  assigned  to  the  hooks  of  Taenia  krabbei,  based  on  Moniez's 
drawings,  are  erroneous  and  the  apparent  discrepancy  between  T.  krabbei 
and  the  Alaskan  cysticercus,  noted  in  the  preceding  paragraph,  has  been 
removed.  The  ventral  root  of  the  small  hooks  is  transversdy  enlarged, 
but  is  not  distinctly  tnfid.  A  tendency  toward  the  bifid  condition,  how- 
ever, has  been  obseryed  in  some  instances  in  the  Alaskan  specimens. 
The  data  thus  far  available  do  not  indicate  a  specific  difference  between 
Moniez's  spedes  and  the  Alaskan  form,  and  the  wdght  of  evidence  is 
still  in  favor  of  the  correctness  of  the  presumption  that  the  Alaskan 
cysticercus  and  T.  krabbei  are  identical.  The  adult  spedmen  (B.  A.  I. 
No.  1 7351)  corresponds  dosdy  to  the  drawing  given  by  Moniez  (i88oa). 
The  segments  are  remarkable  for  thdr  great  breadth,  as  compared  with 
their  length,  and  the  large  genital  papillse,  about  a  millimeter  in  diameter, 
are  quite  conspicuous.  As  the  strobila  may  be  abnormally  contracted 
in  length,  too  much  wdght  should  not,  perhaps,  be  placed  upon  the 
extreme  shortness  of  the  segments  relative  to  thdr  width  as  a  feature 
by  which  T.  krabbei  may  be  distinguished  from  T,  avis.  It  seems  prob- 
able, however,  that  there  is  a  more  or  less  marked  difference  in  this  respect 
between  the  two  forms.  The  two  posterior  segments  in  the  spedmen  of 
T.  krabbei,  which  are  gravid,  are  nearly  as  long  as  broad,  measuring 
about  4  mm.  in  length  by  4.5  mm.  in  breadth.  They  are  considerably 
smaller  than  the  gravid  segments  of  T.  avis.    A  distinct  difference 
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between  T.  ovis  and  T.  krabbei  is  appcuent  in  the  gravid  uterus.  Instead 
of  the  20  to  30  lateral  branches  seen  in  T.  ovis  there  are  in  T.  krabbei 
only  about  10  lateral  branches  from  each  side  of  the  median  stem.  It 
is  quite  clear  from  the  brief  study  which  has  been  made  of  the  t3rpe 
material  of  T.  krabbei  that  it  is  specifically  distinct  from  T.  ovis,  although 
the  similarity  between  the  two  species  is  very  dose  in  many  respects. 

MACROSCOPIC  APPEARANCE  OF  CYSTICERCUS  OVIS 

The  cyst  of  the  fully  developed  und^;enerated  cysticeicus  as  seen 
embedded  in  the  muscles  of  its  host  b  oval  and  varies  in  size  from  4  by  2.5 
mm.  to  9  by  4  mm.  or  slightly  larger  (PI.  Ill,  A  and  B).  It  is  whitish  in 
color  and  varies  in  transpcuency  according  to  the  thickness  of  its  fibrous 
capsule,  which  may  be  very  thin  and  rather  transparent  or  comparatively 

thick  and  rather  opaque.    In  transparent  C3^ts 

the  head  and  neck  of  the  cysticercus  are  apparent 

as  a  small,  bright,  ^^te  spot  showing  through 

the  wall  of  the  cyst.   Removed  from  its  cyst  the 

cysticercus  (PI.  II,  fig.  i)  appears  as  a  small 

oval  vesicle  very  transparent  and  delicate,  filled 

with  a  dear  fluid,  and  varying  in  size  when  fully 

devdoped  from  3.5  by  2  mm.  to  9  by  4  mm.    On 

one  side  may  be  seen  the  opaque  white  head  and 

Fio.  n.'-Cyttictrcus  ompofmu  (-    ncck  iuvagiuatcd  into  the  veside  or  quite  com- 

L2S^/;3J!S^Sttc^   monly  partially  evaginated  and  then  projecting 

Xa.  (Alter  Maddax.  1873*.  pL    abovc  the  surfacc  of  the  vcsidc.    Cysticercus 

'^  ovis  is  more  delicate  in  appearance  and  averages 

in  size  smaller  than  C.  celltUosae.     It  is  considerably  smaller  than  a  fully 

devdoped  C.  ienuicoUis. 

Degenerate  cysts  (fig.  13,  6,  and  Pis.  Ill,  fig.  £,  and  IV,  fig.  2)  vary  in 
size,  shape,  thickness  of  capsule,  and  consistency  and  color  of  contents.  The 
sizes  of  50  degenerate  cysts  taken  at  random  varied  from  3.5  to  15  mm. 
in  diameter;  7  by  4  mm.  was  a  common  size.  Different  authors  have 
observed  cysts  varying  in  size  from  that  of  a  millet  seed  to  that  of  a  bean. 
The  shape  is  commonly  oval  or  spheroidal,  but  may  exhibit  various 
irregularities. 

The  fibrous  capsule  of  the  degenerate  cyst  may  be  quite  thin  or  rdativdy 
very  thick.  For  example,  the  capsule  of  a  C3rst  from  the  masseter  musde, 
measuring  7  by  4  mm.,  was  about  one-third  of  a  millimeter  thick;  another 
cyst,  5  by  2.5  mm.  in  diameter,  from  the  same  musde  had  a  capsule  about 
three-fourths  of  a  millimeter  thick;  a  cyst  10  by  7  mm.  from  the  heart  had 
a  capsule  3  mm.  thick;  and  the  capsule  of  another  cyst,  8  by  6  mm.  in 
diameter,  also  from  the  heart,  measured  one-third  of  a  millimeter  in 
thickness.  The  cavity  of  the  cyst  is  commonly  irregular  in  shape  and 
contains  besides  the  cysticercus  a  mass  of  caseous,  caseo-calcareous,  or 
calcareous  material,  or  sometimes  an  albuminous  coagulum  or  a  soft 
purulent  substance.     The  color  of  the  contents  may  be  white,  yellowish. 
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greenish,  orange,  or  biown,  and  several  of  these  colors  may  be  observed 
m  the  contents  of  a  single  cyst.  In  some  cases  the  cysticercus  more  or 
less  shriveled  and  commonly  with  evaginated  head  may  be  readily  dis- 
tinguished upon  dose  scrutiny,  but  generally  is  to  be  found  only  with 
(fifficulty  in  degenerate  cysts.  The  dead  cysticercus  found  in  degenerate 
cysts  usually  has  a  bright-white  color  which  makes  it  more  readily 
apparent  when  the  contents  of  the  cyst  happen  to  be  mostly  of  a  con- 
trasting cdcMT.  In  some  of  the  larger  degenerate  cysts  it  is  noteworthy 
that  the  cystioerd  found  have  been  no  larger  than  those  found  in  much 
smaller  cysts.  For  example,  the  cysticerd  found  in  two  degenerate  cysts, 
10  by  9  and  10  by  7  mm.  in  diameter,  respectivdy,  measured  in  their 
shrivded  condition  2  mm.  in  diameter  in  one  case  and  2^4  mm.  in  diameter 
in  the  other  and  thus  were  somewhat  smaller  than  the  shrivded  cjrsti- 
cercus  from  a  cyst  5  by  4  mm.  in  diameter,  which  measured  3  by  2  mm. 

DISTRIBUTION  IN  BODY 

The  C3^sts  of  Cysticercus  ovis  as  found  in  sheep  carcasses  are  usually  oom- 
parativdy  few  in  number  and  are  commonly  limited  to  the  heart  or 
diaphragm,  though  in  many  such  cases  if  the  muscular  parts  of  the  carcass 
are  cut  into  slices  additional  C3rsts  are  brought  to  view.  Not  uncommonly 
cysts  may  be  found  in  the  musdes  of  mastication  and  in  the  tongue. 
Sometimes  they  appear  superficially  on  the  musdes  beneath  the  ddn, 
sometimes  in  the  panniculus  carnosus  itself.  The  abdominal  musculature 
b  not  uncommonly  affected.  Degenerate  C3^ts  may  be  found  in  the 
lungs,  and  in  this  location  they  can  not  be  distinguished  macroscopically 
from  the  small  d^enerate  C3^ts  of  C.  ienmcoUts.  The  parasites  have 
been  found  in  a  degenerate  condition  in  the  wall  of  the  esophagus. 
D^nenerate  cysts  found  in  the  wall  of  the  rumen  and  fourth  stomach  in 
a  lamb  which  had  been  fed  segments  of  tapeworm  (pp.  23  and  24)  were 
propably  C.  ovis.  Morot  has  found  degenerate  cysts  in  the  kidney  which 
may  have  been  C.  ovis.  Degenerate  cysticerd  in  the  liver  are  probably 
not  C.  ovis,  but  are  more  likdy  C.  tenuicoUis,  which  frequently  occurs  in 
this  location.  In  the  writer's  experiments  none  of  several  lambs  fed 
segments  of  the  tapeworm  stage  of  C.  ovis  showed  any  invasion  of  the 
liver,  whereas  the  liver  was  affected  in  each  of  two  lambs  fed  segments  of 
Taenia  hydaiigena. 

Cysticercus  ovis  is  therefore  essentially  a  parasite  of  the  intermuscular 
connective  tissue  and  occurs  but  rardy  in  other  locations.  Except  the 
heart  and  diaphragm,  the  parasite  appears  to  have  no  distinct  preference 
for  any  particular  location  in  the  carcass,  and  the  parts  named  may  appear 
to  be  preferred  by  the  parasite  simply  because  these  parts  are  the  most 
readily  examined  in  post-mortem  inspection,  so  that  carcasses  which  have 
these  parts  affected  are  likdy  to  be  picked  out  by  inspection,  whereas 
other  carcasses  which  may  harbor  cysts  somewhere  in  the  depths  of  the 
musculature  are  passed  by  because  they  show  no  cysts  in  accessible  parts. 
The  musdes  of  the  head,  particularly  the  musdes  of  mastication,  are 
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frequentiy  the  seat  of  infestation,  and  these  musdes  may  be  oon^dered 
as  perhaps  a  preferred  location,  though  this  is  uncertain.  That  the 
tongue  is  a  common  location  has  been  established  by  Dr.  W.  J.  Stewart 
of  the  Bureau  of  Animal  Industry,  who  has  found  that  about  one-half  of 
I  per  cent  of  the  tonguej^  of  all  sheep  slaughtered  at  his  station  are  infested. 

ux:ation  in  sheep  carcasses  examined  in  united  states 

In  the  cases  given  in  Table  I  the  carcasses  were  examined  by  slicing  the 
musculature.  The  number  of  cysts  found  in  various  locations  is  given. 
The  number  found  in  the  head  in  some  instances  includes  cysts  found  in 
the  tongue.  The  columns  designated  "Superficial"  and  "Deep"  refer, 
respectively,  to  cysts  elsewhere  than  in  the  heart,  diaphragm,  and  head 
which  were  either  found  on  a  superficial  examination  of  the  dressed 
carcass  (Superficial)  or  were  embedded  in  muscle  so  that  they  were  found 
only  on  dissection  (Deep).  Cases  Nos.  i  to  6  were  examined  by  Dr.  I.  C. 
Mattatall  at  National  Stock  Yards,  111.;  Nos.  7  to  12  and  13  to  16  by  the 
writer  at  Seattle,  Wash.,  and  Portland,  Oreg.,  respectively;  Nos.  17  and 
18  by  Dr.  R.  E.  Holm  at  Wallace,  Idaho;  No.  19  by  Dr.  E.  C.  Joss  at 
Tacoma,  Wash.;  Nos.  20  to  25  by  Dr.  E.  C.  Joss  at  Seattle,  Wash.; 
Nos.  26  to  32  by  Dr.  E.  C.  Joss  at  Portland,  Or^. ;  Nos.  33  to  35  by  the 
writer  at  Chicago,  111.;  Nos.  36  to  38  by  Dr.  I.  C.  Mattatall  at  National 
Stock  Yards,  111. ;  and  No.  39  is  lamb  No.  i  in  the  experiments  already 
reported  in  this  article  (pp.  23  and  24). 

TablB  I. — Location  of  Cysticerctis  ovis  in  sheep  carcasses  examined  after  dissection. 


Location  of  cyBts. 

Case  No. 

Location  of  cysts. 

Case  No. 

Heart. 

Dia- 
phragm. 

Head. 

Super- 
fidal. 

Deep. 

Heart. 

Dia- 
phragm. 

Head. 

nciai. 

Deep. 

I 

I 
I 

I 
I 
I 
1 
I 
9 

9 

21 

22 

23 

24 

25 

26 

27 

a8 

I  or  2 

I 
I  or  2 
I  or  2 

I 
I 
I 

7 

2 

% 

4 

I 

3 

4 
14 

8 

3 

30 

5 

3 

I 

7 

3 

3 

8 

I 

ID 

0 .  .  . 

29 

■ao 

2 

I 
I 

3 

I 

10 

I 
I 

I 

I 

2 

II 

0^ 

31 

32 

33 

34 

il:;:;: 

39' 

I 

I 

I  or 

more. 

18 

3 

2 
I 
I 

I 

12    .... 

I 

3 
3 

13 

14 

\l 

I 
I 
3 

15 
3 

2 

27 

3 

I 

7 

X^ 

I 
I 

6 

35 

\l 

I 

I 

I 

I 

X* 

I 

10 

a 

I 
10 

42 

I 
X» 

7^. 

20 

I  or  2 

I  X  indicates  numerous  cysts. 

*  This  carcass  also  had  degenerate  Cystictrcut  ovis  in  the  hmgs  and  wall  oi  esophagus  and  degeceratc  cyats 
in  the  wall  of  the  rumen  and  fourth  stomach  which  were  probably  C  ovis. 
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A  carcass  examined  by  Dr.  O.  B.  Hess  at  Seattle,  Wash.,  not  recorded 
above,  showed  i  cyst  in  the  heart,  3  in  the  masseter  muscles,  15  in  the 
forequarters,  22  in  the  "rack,''  13  in  the  saddle,  and  7  in  one  hind  1^. 
The  nwnber  in  the  diaphragm  or  visible  superficially  was  not  stated. 

Besides  the  carcasses  referred  to  above  there  were  examined  in  Chicago 
in  April,  1 912,  by  Dr.  W.  C.  Si^;mund  and  the  writer,  59  carcasses  which 
had  been  retained  in  the  course  of  routine  inspection  on  account  of  the 
presence  of  cyst  in  the  heart.  The  examination  consisted  in  examining 
carefully  the  diaphragm  and  the  surface  of  other  exposed  muscles, 
examining  the  internal  and  external  muscles  of  mastication  and  tongue 
after  slicing  them,  and  finally  examining  the  cut  surfaces  after  the  carcass 
had  been  cut  into  three  to  five  market  cuts. 

Four  carcasses  for  which  the  number  of  cysts  in  the  heart  was  not 
recorded  showed  no  additional  cysts.  Fifty  carcasses  had  one  cyst  in 
the  heart.  Ten  of  these  had  additional  cysts,  three  having  one  cyst 
each  in  the  diaphragm,  two  having  one  and  two  cysts,  respectively,  in 
the  musdes  of  mastication,  two  having  one  superficial  cyst  each  in  the 
abdominal  musculature  and  on  the  hind  leg  just  below  the  patella, 
req>ectively,  three  having  one  cyst  each  on  the  cut  surface  of  a  hind 
quarter,  "rack,*'  and  forequarter,  respectively,  and  one  having  a  cyst 
in  the  wall  of  the  esophagus.  Three  carcasses  which  had  two  cysts  in  the 
heart  showed  no  additional  cysts.  Two  carcasses  which  had  three  cysts 
in  the  heart  showed  no  additional  cysts. 

DEGENERATION  OF  CYSTICERCUS  OVIS 

The  cysticerd  observed  in  the  course  of  the  routine  post-mortem 
inspection  of  sheep  are  usually  more  or  less  degenerated,  and  are  either 
in  a  condition  of  caseation  or  calcification  (Pis.  Ill,  fig.  £,  and  IV,  fig.  i). 
This  does  not  necessarily  indicate  that  live  cysticerd  are  rdativdy  rare. 
It  may  be  accounted  for  in  part  by  the  fact  that  d^;enerate  cysticerd 
are  much  more  conspicuous  than  the  live  parasites  and,  hence,  less 
Ukdy  to  be  overlooked.  On  the  other  hand,  the  validity  of  this  explana- 
tion is  somewhat  o£Fset  by  the  possibility  that  the  cysticerd  remain  alive 
only  for  a  short  period  compared  with  the  length  of  time  they  persist  in 
the  d^enerated  condition,  in  which  event  one  would  expect  to  find 
degenerated  cysticerd  more  often  than  living  ones.  How  soon  degenera- 
tion may  b^;in  or  how  rapidly  it  may  proceed  is  uncertain,  but  it  is 
quite  dear  that  in  different  instances  the  process  varies  considerably  in 
these  respects  and  in  its  character  as  well.  Degeneration  as  noted  dse- 
where  may  occur  before  the  cjrsticerd  have  reached  thdr  full  devdop- 
ment.  It  is  probably  often  influenced  by  the  presence  of  bacteria 
introduced  by  the  parasite  itself  or  carried  to  the  cyst  by  the  blood 
stream,  and  bacterial  action  may  perhaps  have  a  great  deal  to  do  with 
the  large  size  commonly  attained  by  the  degenerate  cysts  of  CysHcercus 
avis. 
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The  results  of  the  experiments  described  in  another  part  of  this  paper 
prove  that  d^^eration  may  begin  in  less  than  three  months  after 
infection,  but  no  data  are  at  hand  to  show  how  soon  the  process  may  be 
completed;  nor,  on  the  other  hand,  is  it  known  how  long  the  cysticercus 
may  remain  in  the  tissues  of  its  host  before  it  dies  and  d^^erates. 

The  various  d^^erative  processes  occurring  in  CysUcerais  ovis  have 
not  been  worked  out  in  detail  and,  hence,  will  not  be  considered  at  length. 
They  are  quite  similar,  at  least  in  some  of  their  variations,  to  the  processes 
of  degeneration  which  affect  C.  hovis  and  C.  cellulosae.  A  very  common 
occurrence  in  the  case  of  C.  ovis,  as  already  alluded  to,  which  seems  to  be 
quite  unusual  in  the  case  of  the  other  two  species,  is  the  tendency  of 
d^;enerate  cysts  to  reach  a  size  which  is  very  large  in  comparison  with 
the  cysticercus  itself.  In  some  instances  it  appears  that  the  increase  in 
size  of  the  cyst  may  go  on  indefinitely,  fresh  calcareous  material  being 
continually  deposited  in  the  cyst,  associated  with  a  breaking  down  at 
the  inner  layers  of  the  capsule  and  a  new  growth  peripherally. 

Like  the  beef  cysticercus,  Cyskcercus  ovis  tends  to  degenerate  com* 
paratively  eariy  when  located  in  the  heart.  For  example,  the  cysts  in  the 
heart  of  a  lamb  killed  83  da}^  after  infestation  (p.  24),  so  far  as  observed, 
were  all  d^^erate.  Some  of  the  cysticerd  in  other  locations,  including 
the  muscles  of  mastication,  were  d^^enerate,  but  the  great  majority 
were  alive.  Except  in  the  case  of  the  heart,  no  definite  relation  has  been 
observed  between  the  location  of  the  cysticerd  and  the  liability  to  early 
d^eneration. 

The  association  of  live  and  degenerate  cysticerd  in  the  same  carcass 
is  a  matter  of  interest,  though  of  less  practical  importance  than  in  the 
case  of  beef  and  pork  measles.  In  beef  measles  the  association  of  live 
and  degenerate  C3r8ticerd  in  the  same  carcass  is  fairly  common.  It  is 
(rften  stated  in  r^;ard  to  CysticerciM  cellulosae  that  if  any  of  the  parasites 
in  an  infested  carcass  are  degenerated  it  is  likely  that  all  of  those  present 
will  also  be  in  the  same  condition.  This  is  by  no  means  invariably  true. 
In  a  case  of  pork  measles  seen  by  the  writer  in  October,  191 2,  at  an 
abattoir  in  Chicago,  most  of  the  cysticerd  were  und^;enerated,  but 
degenerate  cysticerd  were  quite  common,  particularly  in  the  diaphragm 
and  superficial  musdes.  In  the  case  of  C.  ovis,  so  far  as  the  writer's 
experience  goes,  if  the  cysticerd  found  in  the  heart,  diaphragm,  musdes 
of  mastication,  and  other  parts  of  the  carcass  readily  accessible  for 
examination  are  degenerated,  the  cysticerd  in  other  parts  of  the  body  are 
likewise,  as  a  rule,  in  a  similar  condition.  Neverthdess,  if  C.  ovis  were 
transmissible  to  man,  it  would  be  unsafe,  when  only  degenerated  cysts 
are  fotmd  on  inspection,  to  pass  a  carcass  for  food  upon  the  assumption 
that  any  that  might  be  present  in  uninspected  portions  of  the  muscula- 
ture would  also  be  degenerated.  Live  and  degenerated  cysticerd 
occasionally,  at  least,  occur  together  in  the  same  carcass.    As  noted 


Digitized  by 


Google 


0CLX0.1W3  Cysticercus  Ovis  43 

above,  a  considerable  number  of  d^^erated  cysticerd  were  found  in  a 
sheep  83  days  after  infection,  though  most  of  the  parasites  were  still 
alive  and  undegenerated.  One  other  case  is  recalled  in  which  degenerated 
and  Uving  cysticerd  were  associated.  In  this  case  the  cysticerd  in  the 
heart,  diaphragm,  and  musdes  of  mastication  were  degenerated  and 
partially  calcified,  as  were  several  found  in  various  portions  of  the  body 
musculature,  but  deep  in  the  musdes  of  one  hind  leg  there  was  a  live 
cysticercus  showing  no  signs  of  degeneration  whatever. 

This  accords  with  what  would  naturally  be  expected.  One  would 
expect  live  and  degenerate  cysticerd  in  the  same  carcass  as  the  result, 
first,  of  variations  in  the  longevity  of  C3rsticerd,  as  in  the  case  of  the 
experimental  sheep  mentioned  above,  or,  second,  as  the  result  of  infesta- 
tions occurring  at  different  times.  It  seems  that  the  latter  must  surely 
occur  often.  In  view  of  the  dose  association  which  conmionly  exists 
between  sheep  and  dogs,  the  sheep  in  a  flock  attended  by  an  infested 
dog  are  exposed  to  the  chance  of  repeated  infestation,  and,  hence,  sheep 
must  frequently  harbor  simultaneot^y  C3rsticerd  which  have  come  from 
eggs  ingested  on  various  occasions. 

DIAGNOSIS  OF  SHEEP  MEASLES 

So  far  as  known,  the  presence  of  CysHcercus  ovis  can  not  ordinarily  be 
determined  in  the  living  animal,  and  its  diagnosis  therefore  depends  upon 
a  post-mortem  examination.  It  is  not  always  possible  to  determine 
definitdy  whether  cysticerd  found  in  sheep  or  goats  are  or  are  not  C.  avis 
without  resorting  to  the  use  of  the  microscope,  but  usually  microscopic 
examination  is  not  necessary. 

The  location  of  Cysticercus  ovis  in  muscle  tissue  differentiates  it  dearly 
from  C.  tenuicMis,  which,  so  far  as  has  yet  been  proved,  is  found  only  in 
relation  with  serous  membranes.  Cases  occur,  however,  in  which  this 
rule  can  not  be  applied  with  certainty,  as,  for  example,  when  the  dia- 
phragm or  abdominal  musdes  are  involved  it  is  sometimes  practically 
impossible  to  state  on  the  basis  of  location  alone  whether  the  parasite 
in  question  is  C.  oDis  or  C.  ienuicoUis — ^that  is,  the  parasite  may  appear 
to  be  in  direct  rdation  both  with  the  musculature  and  the  serous  mem- 
brane which  covers  the  musculature.  Here  the  size  of  the  cysticercus 
may  hdp  to  determine  its  identity;  if  over  10  nmi.  (two-fifths  of  an  inch) 
in  diameter,  it  is  C.  tenuicolUs;  if  less  than  this  sire,  it  is  probably  C.  ovis, 
but  may  be  a  young  C  ienuicoUis. 

The  relation  of  the  head  to  the  caudal  bladder — midway  between  the 
two  ends  in  Cysticercus  ovis  (PI.  II,  fig.  i)  and  at  one  end  (PI.  II,  fig.  5) 
in  C.  ienuicoUis — ^will  indicate  the  spedes  if  the  parasite  happens  to  be 
<rf  a  well-marked  oval  form.  Even  in  very  young  cysticerd  in  which  the 
head  is  yet  rudimentary,  the  relative  position  of  the  head  is  the  same  as 
in  the  fully  formed  cysticercus.    Cysticerd  affecting  the  Hver  of  sheep  or 
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goats  may  be  assumed  to  be  C.  tenuicoUis.  C.  ovis  has  not  as  yet  been 
found  in  the  liver.  Even  in  carcasses  exhibiting  heavy  infestation  of 
the  musculature,  the  liver  has  not  been  involved.  Small-sized  C3rsticerci 
in  the  lungs,  however,  may  be  C.  omSf  as  degenerate  cysticerd  of  this 
species  have  been  found  in  this  location  in  a  case  of  heavy  infestation  of 
the  carcass. 

More  difl&culty  is  likely  to  be  experienced  in  the  identification  of 
degenerate  cysticerd  than  of  the  live  parasites,  and  even  more  than  in 
the  case  of  the  live  cysticerd  the  location  must  be  chiefly  depended  upon 
in  distinguishing  macroscopically  between  Cysticercus  ovis  and  C 
tenuicoUis. 

The  cysticercal  nature  of  degenerate  cysts  can  often  be  confirmed  by 
squeezing  out  the  cysticercus,  or  fragments  of  it.  It  should  be  remem- 
bered that  the  degenerate  cyst  may  be  of  a  much  larger  size  than  the 
contained  cysticercus,  so  that  the  fact  that  a  cyst  is  larger  than  the 
maximum  size  of  Cysticercus  ovis  does  not  necessarily  exdude  this  spedes 
from  consideration.  Degenerate  cysts  of  C.  tenuicoUis  on  the  diaphragm 
or  abdominal  musdes  commonly  become  more  firmly  caldfied  than  those 
of  C.  ovis  and  show  a  white,  wrinkled  surface  not  seen  in  the  case  of 
the  latter. 

Exduding  from  consideration  cases  of  invasion  of  the  musculature  by 
the  gid  bladder  worm,  whose  true  nature  will  be  revealed  by  examination 
of  the  brain  and  the  discovery  of  characteristic  lesions  in  that  location 
there  are  two  known  conditions  which  may  be  mistaken  for  the  degen- 
erate C3rsts  of  Cysticercus  ovis:  Namdy,  large  Sarcocystis  nodules  and 
encysted  fordgn  bodies,  such  as  barbs  from  certain  plants  which  work 
through  the  tissues  and  finally  come  to  rest  somewhere  in  the  musdes 
and  become  enc3rsted. 

In  the  case  of  Sarcocystis  nodules  shown  in  the  accompanying  illustra- 
tion (PI.  Ill,  figs.  C  and  D)  there  were  a  considerable  number  of  nodules 
in  the  diaphragm  and  heart,  5  mm.  and  upward  in  diameter.  The  walls 
of  these  cysts  were  firm  and  thick,  their  contents  of  a  purulent  nature. 
No  cysticerd  or  remains  of  cysticerd  could  be  discovered.  Instead,  in 
each  cyst  there  were  found  one  or  more  small,  transparent  vesides  not 
visible  except  microscopically.  These  vesides,  with  delicate  mem- 
branous walls  of  homogeneous  structure  without  nudd,  contained  a 
findy  granular  substance  and  numerous  caldform  spores  about  isjn  long, 
which  demonstrated  condusivdy  that  the  cysts  were  Sarcocystis  cysts. 
Usually  Sarcocystis  C3rsts  in  sheep  are  so  small  as  to  be  evident  only 
microscopically,  and  cysts  large  enough  to  be  seen  with  the  naked  eye 
are,  so  far  as  known,  very  rare.  Knowledge  of  the  characteristics  of  the 
unusual  forms  of  Sarcocystis  cysts  such  as  that  described  above  is  too 
limited  to  enable  one  to  state  definitdy  the  points  by  which  they  may  be 
differentiated  macroscopically  from  degenerate  Cysticercus  ovis  cysts.     In 
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the  case  of  the  latter,  however,  it  is  frequently  possible  by  opening  the 
cyst  and  squeezing  out  its  contents  to  demonstrate  the  presence  of  a 
cysticercus  or  the  visible  and  recognizable  fragments  of  one.  SarcocysHs 
cysts  simulating  degenerate  C.  ovis  C3^ts  are,  so  far  as  appears  from  our 
present  knowledge,  of  rare  occurrence,  and  consequently  cysts  occurring 
in  the  musculature  of  the  size  and  general  appearance  of  degenerate  C. 
ovis  are  presumably  C.  ovis  unless  there  is  evidence  to  show  that  they  are 
not,  such  as,  for  example,  the  discovery  of  SarcocysHs  spores  and  the 
total  absence  of  any  cysticercus  or  remnant  thereof. 

Illustrating  the  possibility  of  confusing  encysted  plant  barbules  with 
degenerate  Cysticercus  ovis  cysts  is  a  case  recently  observed  in  which 
there  was  a  small  nodule  about  5  by  4  mm.  in  diameter  in  the  diaphragm 
in  the  muscle  tissue  just  beneath  the  serosa.  This  nodule  consisted  of  a 
thin  capsule  and  contents  of  a  somewhat  caseous  consistency  and  might 
have  been  taken  on  casual  observation  for  a  small  d^enerate  C.  ovis 
cyst  Careful  examination,  however,  failed  to  reveal  any  morphological 
evidence  of  a  cysticercus,  instead  of  which  there  were  found  in  the  midst 
of  the  caseous  material  three  or  four  tiny  barbules  from  some  plant,  very 
finely  pointed  and  tapering  and  spirally  coiled.  These  were  scarcely 
evident  to  the  unaided  eye  amid  the  caseous  material,  but  their  nature 
became  quite  apparent  on  microscopic  examination. 

GEOGRAPHIC  DISTRIBUTION 

Abroad,  cases  of  sheep  measles  have  been  found  in  England,  Prance, 
Germany,  Algeria,  German  Southwest  Africa,  and  New  Zealand. 

In  this  country  relatively  few  of  the  numerous  cases  found  at  abattoirs 
have  been  traced  to  the  point  of  origin  of  the  infested  sheep.  Cases 
traced  to  the  point  of  origin  have  been  from  Montana  (10  cotmties '), 
Idaho  (5  counties'),  Washington  (4  counties'),  Oregon  (11  counties*), 
California  (3  counties*),  Colorado  (i  county*),  and  Nevada  (middle  and 
western  part). 

The  parasite  is  probably  more  or  less  generally  distributed  throughout 
the  western  United  States,  and  is  likely  present  also  in  the  East,  though 
as  yet  no  cases  have  been  definitely  traced  to  eastern  localities.  It  is 
probable  that  it  will  be  fotmd  to  occur  wherever  sheep  are  attended  by 
dogs,  particularly  wherever  dogs  have  frequent  opportunities  of  devour- 
ing dead  sheep. 

>  RoMbod,  Ydlowataoe,  Utm^tMtt,  Cascade,  CbotcMi,  Hill,  Bteinc,  Lewis  snd  Clsfk.  Teton,  and  Beaver- 
head Counties. 

*  Picmont,  Booaeville,  BJWfhain,  Washington,  and  Canyon  Coonties. 
«  Adams.  Walla  Walla,  Yakima,  and  KUddtat  Counties. 

*  Polk,  Benton.  Marion,  Mtiltnomah.  Crook,  Gilliam,  Morrow.  UmatiUa,  Union,  Wallowa,  and  Baker 


^Modoc,  Tehama,  and  Butte  Coonties. 
*  Conejos  Cottnty. 
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PREVALENCE 

Most  of  the  published  records  of  sheep  measles  refer  to  isolated  cases 
found  by  accident,  and  accordingly  indicate  little  as  to  the  prevalence  of 
the  parasite.  Glage  (1905),  however,  in  Germany,  found  degenerate 
cysticerd  in  the  muscles  of  32  out  of  2,198  (1.45  per  cent)  sheep  carcasses 
examined  for  these  parasites  by  inspection  of  the  head  muscles  and  the 
heart,  and  in  16  out  of  1,984  (0.8  per  cent)  in  which  the  heart  only  was 
inspected. 

Table  II  shows  the  total  number  of  sheep  slaughtered  at  26  meat- 
inspection  stations  in  the  United  States  during  11  months  beginning 
January,  191 2,  and  the  number  of  carcasses  found  affected  with  muscle 
cysticerd. 

TablB  II. — Carcasses  of  sheep  found  affected  with  muscle  cysticerd  during  11  months  at 
26  meat-inspection  stations  in  United  States. 


Station. 

Total  kin. 

Affected. 

SUtion. 

Total  kiU. 

Affected. 

A 

B 

c 

Number. 

898 
363,  361 

4,335,153 
100,  383 

157,053 
61,905 
55, 205 

237, 799 
1,488,997 

27a, 739 
36, 976 

706,584 

91,784 

1, 429, 364 

Number. 

I 

I 

4,678 

34 

13 

207 

10 

3 

3,695 

35 

23 

1,010 

I 
14 

Percent. 

aoi+ 

.  II  — 

.01  — 

.17- 
.03  — 

".*i8+ 
.03  — 
.06+ 
•15- 

0 

P 

S.V.;:::: 

s 

T 

U 

V 

w 

X 

Y 

Z 

Number. 

31,  237 

6,920 

116,913 

19,708 

59, 759 

23,381 

161, 010 

3, 106 

1,435,594 

526, 713 

166,  581 

86,338 

Number. 

17 

I 

564 

109 

I 

1,469 

I 

5,739 

30 

19 

741 

Percent. 

ao5-h 

.Ol-f- 

.48+ 

D 

E 

F 

G 

H 

I 

t::::::: 

L 

•55+ 

■is 

.05- 

•  4  — 
.01  — 
.01+ 
.85- 

M 

N 

Total . . 

11,601,898 

17,446 

.15+ 

The  foregoing  table  does  not  indicate  accuratdy  the  prevalence  of  sheep 
measles.  In  the  first  place,  many  cases  would  necessarily  be  missed  under 
methods  of  inspection  as  nearly  perfect  as  practically  possible;  in  the 
second  place,  the  methods  of  inspection  for  Cysticercus  ovis  have  not  been 
devdoped  to  the  same  degree  of  perfection  at  the  various  stations;  and 
finally,  at  certain  stations  the  methods  of  inspection  for  C.  ovis  have 
reached  a  high  degree  of  eflSdency  only  in  recent  months,  while  the  figures 
given  cover  also  earlier  months  during  which  the  inspection  was  less 
perfect  and  during  which  it  may  even  have  happened  that  no  cases  were 
found  at  all.  For  example,  it  will  be  noted  from  Table  II  that,  in  the  case 
of  Station  R,  0.55  per  cent  of  the.  sheep  slaughtered  during  January  to 
November  were  found  to  be  infested.  As  a  matter  of  fact,  however,  the 
great  majority  of  the  cases  of  measles  at  the  station  were  found  toward 
the  dose  of  the  period  covered ;  that  is,  105  cases,  or  2.25  per  cent  of  about 
4,300  sheep  slaughtered,  were  found  during  September,  October,  and 
November. 
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Tbe  actual  percentage  of  sheep  infested  with  measles,  at  least  in  th 
sections  of  this  country  where  a  dose  relationship  exists  between  sh< 
and  dpgs,  probably  approximates  5  per  cent  much  more  nearly  that 
does  the  very  smaU  percentage  derived  from  the  figures  given  in  Table 

AGE  OF  INFESTED  SHEEP 

Information  as  to  the  age  at  which  sheep  are  most  likely  to  be  fot 
infested  with  measles  is  meager.  A  priori  it  would  be  expected  tl 
rather  young  animals  would  most  commonly  show  infestation.  A; 
rule,  young  animals  are  more  liable  to  infestation  with  tissue  parasi 
than  old  animals,  possibly  because  their  tissues  offer  less  resistance 
the  migration  of  the  parasites  than  those  of  older  animals.  This  grea 
susceptibility  is  offset  to  some  extent  by  the  fact  that  the  longer 
animal  lives  the  more  opportunity  he  has  for  becoming  infested,  otl 
things  being  equal. 

Among  a  total  of  189  infested  sheep  whose  ages  (approximate)  w 
recorded  by  inspectors  of  the  Bureau  of  Animal  Industry  at  seve 
stations,  the  distribution  of  cases  according  to  age  was  as  follows: 


Number 
of 


6  months 30 

8  months 57 

10  months 3 

X  year 4 

xK  years 3 

2  years 63 


Number 
of  cases. 

9  to  4  years 13 

3to5years 14 

4  years i 

5  years 10 

6  years 2 


Owing  to  the  lack  of  data  as  to  the  relative  numbers  of  sheep  of  th 
various  ages  which  are  slaughtered,  the  figures  in  the  above  table 
not  prove  anything.  They  seem  to  indicate,  however,  that  Cysticeri 
(Tvis  is  more  commonly  met  with  in  yoimg  than  in  old  sheep.  As  < 
possible  explanation  of  the  apparent  rarity  of  C.  ovis  in  old  sheep  i1 
reasonable  to  suppose  that  as  the  animals  grow  older  any  parasites  wh 
they  may  have  picked  up  in  earlier  Ufe  tend  to  disappear  more  or  1 
completely  as  a  result  of  degeneration  and  absorption  by  the  surround 
tissues.  Meanwhile  with  increasing  age  the  susceptibility  to  infestat 
diminishes,  and  this,  combined  with  the  death  and  disappearance 
the  parasites  acquired  during  youth,  tends  to  result  in  freedom  fr 
infestation. 

ECONOMIC  IMPORTANCE 

Sheep  measles,  instead  of  being  as  formerly  considered  a  sort  of  z 
logical  or  pathological  curiosity,  is  a  matter  of  great  importance  to 
sheep  grower,  the  butcher,  and  the  consumer  of  mutton.    Although 
tapeworm  cysts  are  not  transmissible  to  man,  mutton  infested  with  th 
is  not  a  desirable  article  of  food,  and  modem  ideas  in  meat  inspect 
require  that  mutton  infested  with  these  parasites  to  any  considera 
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extent  shall  either  be  condemned  or  rendered  into  tallow,  according  to 
the  degree  of  infestation,  although  theoretically  there  is  no  objection 
from  the  hygienic  standpoint  to  passing  affected  mutton  for  food  after 
the  parasites  have  been  removed.  Practically,  however,  it  is  impossible 
in  many  cases  to  remove  the  parasites,  because  such  extensive  dissection 
would  be  required  that  there  would  be  but  little  left  of  the  meat  when 
the  parasites  had  been  removed.  Consequently,  therefore,  a  large 
number  of  sheep  carcasses  which  are  retained  by  inspectors  on  account 
of  measles  go  either  to  the  tallow  tank  or  to  the  condemned  tank,  because 
the  character  of  the  infestation  is  such  that  it  is  impracticable  to  remove 
the  parasites. 

At  first  thought  it  might  seem  that  the  loss  on  account  of  these  con- 
demnations would  fall  on  the  butcher,  as  the  sheep  are  already  bought 
and  paid  for  before  they  are  passed  upon  by  the  meat  inspector,  but  as 
a  matter  of  fact  the  producer  is  made  to  bear  at  least  a  part  of  the  loss. 
When  a  condition  involving  losses  on  account  of  condemnations  exists 
among  live  stock  and  continues  to  prevail,  the  butchers  naturally  and 
invariably  make  ample  allowances  in  the  prices  paid  for  the  probable 
loss  from  condemnations  based  upon  their  experience  as  to  losses  in 
the  past,  so  that  the  producer,  although  he  may  not  realize  it,  is  made 
to  bear  more  or  less  of  the  burden,  sharing  it,  perhaps,  with  the  con- 
sumer, to  whom  it  is  likely  the  butcher  will  pass  on  a  portion  of  his  loss. 

The  Federal  meat-inspection  records,  as  already  noted,  indicate  that 
tapeworm  cysts  in  the  muscles  of  sheep  are  common  throughout  the 
West,  and  furthermore,  it  is  safe  to  say  that  the  proportionate  number 
of  cases  of  sheep  measles  foimd  on  post-mortem  inspection,  already 
representing  a  high  percentage,  will  continue  to  increase  as  meat  inspec- 
tors become  more  expert  in  detecting  the  presence  of  the  parasites. 
The  natural  consequence  will  be  that  sooner  or  later,  if  this  is  not  already 
the  case,  the  sheep  raiser  will  suffer  a  reduction  in  the  selling  price  of 
his  product  below  that  which  he  would  receive  were  it  not  for  the  losses 
from  condemnations  experienced  by  the  butcher. 

This  indirect  loss  is  in  all  probability  not  the  only  loss  experienced 
by  the  sheep  raiser.  It  has  already  been  noted  that  in  the  experiments 
five  of  the  lambs  died  in  from  13  to  23  days  after  infestation.  These  died 
approximately  in  the  order  of  the  size  of  the  doses  of  tapeworm  eggs 
given,  those  receiving  the  smallest  doses  surviving  the  longest.  Three 
of  them  received  only  the  eggs  contained  in  a  single  tapeworm  segment, 
the  other  two  receiving  3  and  10  segments,  respectivdy.  The  sixth 
sheep,  which  survived,  received  only  one-half  of  a  segment,  yet  the  num- 
ber of  eggs  was  sufficient  to  make  the  animal  sick  for  a  time,  corre- 
sponding probably  to  the  period  during  which  the  embryonic  worms  were 
invading  and  establishing  themselves  in  the  muscles.  Quite  clearly, 
therefore,  the  sheep-measle  parasite  is  deadly  in  its  effects  upon  sheep, 
provided  a  sufficient  number  of  tapeworm  eggs  are  swallowed,  and  even 


Digitized  by 


Google 


Oct.  ID.  1913  Cysticercus  Ovis  49 

if  not  enough  are  swallowed  to  kill  the  animal,  it  may  be  made  sick  by 
the  invasion  of  the  parasites.  Accordingly  it  is  quite  probable  that 
many  of  the  cases  of  death  and  nckness,  which  are  more  or  less  con- 
stantly occurring  among  sheep  without  apparent  cause,  are  the  result 
of  infestation  with  the  measle  parasite. 

It  has  been  suggested  by  Dr.  S.  W.  McClure  that  sheep  measles  may 
be  responsible  for  the  many  stiff  lambs  found  during  spring  and  summer 
on  the  western  sheep  ranges. 

SIGNIFICANCE  IN  MEAT  INSPECTION 

As  Cysticercus  ovis  affects  the  very  part  ci  the  carcass  which  is  the 
most  valuable  as  food — namely,  the  musculature — ^it  is  of  great  interest 
in  meat  in^)ection  and  of  special  importance  on  account  of  its  prevalence. 

Under  a  S3rstem  ci  meat  in^)ection  which  recognizes  but  one  class  of 
meats  as  fit  for  food,  such  as  the  S3rstem  provided  for  by  Federal,  law  in 
this  country,  it  is  proper  to  pass  for  food  sheep  carcasses  which  show  a 
slight  infestation  with  Cysticercus  ovis  after  the  removal  of  the  parasites 
and  any  lesions  caused  by  them.  Carcasses  showing  more  than  a  slight 
infestation  may  be  rendered  into  edible  tallow,  but  if  heavily  infested 
should  be  condemned.  As  a  rule,  packers  do  not  take  advantage  of  the 
provision  which  permits  moderately  infested  carcasses  to  be  rendered 
into  tallow,  but  prefer  to  treat  such  carcasses  the  same  as  condemned 
carcasses  and  to  manufacture  them  into  inedible  products.  Though  it 
is  possible  that  all  the  parasites  may  not  be  found  and  removed  from 
slightly  infested  carcasses,  since  it  is  manifestly  impracticable  to  inspect 
the  depths  of  the  musculature  throughout  the  carcass,  it  has  been  deter- 
mined by  experience  that  there  is  little  likelihood  that  more  than  one  or 
two,  if  any,  cysts  will  be  present  in  the  depths  of  the  muscles  if  only  a 
few  are  found  in  the  heart,  diaphragm,  head  muscles,  tongue,  and  other 
superficial  or  readily  accessible  parts.  Accordingly,  if  only  a  limited 
number  of  the  parasites  are  found  in  these  locations,  there  is  no  reason- 
able objection  to  passing  such  a  carcass  after  their  removal. 

Even  if  carcasses  are  occasionally  passed  which  contain  a  few  cysts 
that  have  escaped  observation  because  hidden  in  the  musculature,  no 
great  harm  is  done,  since  the  parasites  are  not  transmissible  to  man  and 
at  most  can  only  offend  the  esthetic  sense  of  the  consumer.  Certainly 
the  consequences  of  passing  such  carcasses  do  not  balance  the  great 
waste  which  would  result  if  all  sheep  carcasses  infested  in  any  d^ree 
whatsoever  (amounting  to  i,  2,  3,  perhaps  even  5,  per  cent  of  the  total 
number  slaughtered)  were  excluded  from  use  as  food.  In  the  light  of 
our  present  knowledge  the  German  regulations  are  unnecessarily  strin- 
gent in  placing  sheep  measles  in  the  same  category  as  pork  measles,  the 
basis  of  these  r^ulations,  of  course,  being  the  unproved  and  apparently 
altogether  false  assumption  that  the  parasite  concerned  is  Cysticercus 
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celluhsae^  and  henoe  transmissible  to  man.  Under  American  regula- 
tions concerning  Cysticercus  celluhsae,  necessarily  more  stringent  than 
the  German  r^ulations  because  of  the  absence  of  a  Prdbank  in  our 
system  of  handling  meats,  no  sheq>  carcass  affected  with  measles  even 
in  the  slightest  degree  could  be  passed  for  food  if  the  sheep  parasite  were 
Cysticercus  cellulosae.  The  demonstration  ci  the  fact  that  the  muscle 
cysticercus  of  sheep  is  not  Cysticercus  cellulosae  and  that  it  is  not  trans- 
missible to  man  therefore  means  that  many  thousands  oi  sheep  carcasses 
which  would  otherwise  go  tmnecessarily  to  the  tallow  or  condemned  tank 
are  saved  for  food,  and  thus  fortunately  one  of  the  factors  involved  in 
diminishing  our  already  too  slender  meat  supply  has  been  eliminated. 
Even  during  the  year  1912,  when  the  prevalence  of  sheep  measles  was 
first  recognized  and  b^ore  the  inspection  for  Cysticercus  avis  had  been 
developed  to  an  efficient  stage,  the  money  value  of  sheep  carcasses 
retained  on  account  of  measles  amounted  to  nearly  $100,000. 

The  person  who  kills  mutton  for  his  own  use  need  not  be  so  critical 
nor  so  strict  with  reference  to  sheep  measles  as  the  official  meat  inspector. 
The  latter,  in  the  absence  of  l^;al  provision  for  a  Freibank  where  meat 
not  dangerous  to  human  health  but  of  inferior  grade  can  be  sold,  has  to 
exclude  a  great  deal  of  meat  from  the  market  which  is  fit  for  food  under 
certain  conditions,  though  it  can  not  properly  be  passed  on  the  same 
basis  as  meat  unconditionally  fit  for  food.  Home-dressed  sheep  car- 
casses, therefore,  even  though  infested  in  a  higher  degree  than  would  be 
permitted  in  carcasses  which  may  pass  for  food  under  the  Federal  meat- 
inspection  regulations  may  better  be  utilized  for  food  than  wasted, 
although  here  the  individual  will  largely  be  governed  by  his  own  feelings 
in  the  matter,  by  his  squeamishness  or  lack  of  it.  Such  carcasses,  how- 
ever, should  not  be  sold,  at  least  not  without  declaration  ci  their  nature, 
as  they  are  obviously  of  less  value  than  carcasses  which  are  free  frcmi 
infestation. 

So  far  as  its  detrimental  effect  on  account  of  the  presence  of  Cysticercus 
avis  is  concerned,  measly  mutton  may  be  eaten  with  impunity  unless 
the  parasites  are  very  numerous  or  have  produced  a  watery  condition  or 
discoloration  of  the  meat,  in  which  case  the  carcass  should  be  discarded 
even  though  the  prospective  consumer  may  have  no  objections  to  the 
meat  from  an  esthetic  standpoint.  In  order  that  further  propagation  of 
the  parasites  may  be  avoided,  a  measly  sheep  carcass  discarded  from  use 
as  human  food  should  not  be  fed  to  dogs  tmless  it  is  first  cut  into  small 
pieces  not  exceedii^;  2  or  3  pounds  each  and  thoroughly  boiled. 

SURVIVAI.  OF  CYSTICERCUS  OVIS  AFTER  DEATH  OF  HOST 

The  length  of  time  Cysticercus  ovis  may  survive  after  the  death  of  its 
host  has  not  been  determined.  It  will,  however,  live  at  least  six  days. 
Cysticerci  in  portions  of  a  carcass  shipped  from  Chicago  on  March  25, 
1913,  presumably  the  day  of  slaughter,  and  received  in  Washington  on 
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March  28,  were  still  alive  on  March  31.  After  its  arrival  in  Washington 
the  meat  was  kept  in  an  ice  box,  at  a  temperature  not  lower  than  40^  P. 

As  to  the  period  of  survival  when  frozen  it  was  found  in  one  experiment 
that  the  cysticerd  in  a  sheep  slaughtered  on  October  15,  1912,  were 
dead  cm  November  j,  23  days  after  slaughter,  the  mutton  meanwhile 
having  been  kept  in  a  frozen  condition.  Through  an  oversight  no  exami- 
nation of  the  mutton  was  made  at  intervening  dates,  so  that  no  informa- 
tion was  obtained  as  to  how  long  the  parasites  actually  retained  their 
vitality.  The  cysticerd  were  ob^rved  by  Dr.  L.  E.  Day,  who  took 
diarge  of  this  experiment  on  November  7,  to  be  slightly  shrivded  after 
thawing.  On  November  7,  about  half  a  pound  of  the  infested  mutton 
was  fed  to  a  dog  and  similar  amounts  on  November  8, 9, 10,  and  11.  On 
the  last  date  another  dog  was  also  fed.  Autopsy  on  the  former  dog  on 
December  2,  24  days  after  feeding,  showed  no  parasites  of  any  kind  in 
the  alimentary  tract.  The  other  dog  when  examined  post-mortem  on 
January  4,  53  days  after  feeding,  showed  a  few  Dipylidium  caninum^ 
but  no  other  parasites. 

From  this  experiment  it  appears  probable  that  a  period  of  three  weeks 

is  suffident,  as  in  the  case  of  Cysticercus  bovis,  to  insure  the  death  of 

cysticerd  in  mutton.    Since,  however,  Cysticercus  ovis  is  not  transmissible 

to  man,  the  same  necessity  of  holding  slightly  affected  carcasses  in  cold 

storage  for  a  suflBdent  period  of  time  to  destroy  the  vitality  of  any 

C3rsticerd  which  may  have  been  overlooked  does  not  exist.     In  this 

respect  it  is  accordingly  not  so  important  as  in  the  case  of  Cysticercus 

bovis  to  know  how  long  the  cysticerd  may  survive  after  the  slaughter  of 

its  host. 

PROPHYLAXIS 

In  addition  to  the  highly  important  preventive  measure  of  destroying 
the  carcasses  of  aU  dead  sheep  by  burning,  the  simplest,  most  feasible, 
and  most  effective  means  of  eradication  is  to  keep  the  dogs  of  the  ranch 
or  farm  free  from  tapeworms  by  systematic  medicinal  treatment.  As 
the  sheep-measle  tapeworm  in  dogs  begins  to  produce  eggs  about  two 
months  after  infection,  judging  from  the  results  obtained  in  the  experi- 
ments, it  is  evident  that  dogs  should  be  treated  about  every  two  months 
in  order  to  remove  any  tapeworms  acquired  since  the  preceding  treat- 
ment before  they  have  devdoped  suffidently  to  produce  eggs.  In  prac- 
tice, however,  such  frequent  treatment  seems  scarcdy  necessary,  and  it 
is  fairly  certain  that  effective  control  of  tapeworm  infestation  can  be 
maintained  if  dogs  are  submitted  to  treatment  four  times  a  year — ^that 
is,  every  three  months.  The  following  method  of  treatment  is  employed 
by  Dr.  E.  T.  Davison  at  the  Federal  Quarantine  Station  at  Athenia, 
N.  J.,  and  has  proved  very  satisfactory  in  the  case  of  imported  sheep 
dogs  quarantined  and  treated  on  account  of  tapeworm  infestation: 

Allow  the  dog  to  have  the  usual  feed  and  drink  about  3  or  4  p.  m.  on  the  day 
preceding  treatment,  but  give  nothing  further  in  the  form  of  food  or  drink,  with 
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the  exceptions  noted,  until  after  the  medicine  has  acted.  About  lo  a.  m.,  to  a  dog 
of  ordinary  size,  give  four  lo-grain  capsules  filled  with  ethereal  extract  of  male  fern 
(Oleoresina  aspidii,  U.  S.  P.)>  administering  at  the  same  time  about  an  ounce  of  water 
or  milk,  preferably  the  latter.  By  a  zo-grain  capsule  is  meant  one  which  will  hold 
zo  graizis  of  quinine.  Forty-five  minutes  later  give  a  second  dose,  conmsting  of  four 
capsules  (zo-grain)  filled  with  freshly  giound  areca  nut,  and  with  this  give  at  before 
about  an  ounce  of  water  or  miljc.  It  is  important  that  the  areca  nut  be  freshly 
ground.  This  treatment  is  usually  followed  by  profuse  defecation  and  the  expulsion 
of  the  tapeworm,  if  any  is  present,  in  30  minutes  to  an  hour  after  giving  the  areca  nut. 
No  untoward  aftereffects  have  been  noted  in  any  case  among  several  hundred  dogs 
treated  with  this  remedy.    The  patient  is  usually  ready  for  his  evening  meal. 

In  administering  the  medicine  an  assistant  stands  the  dog  up  on  his  haunches  and 
holds  the  dog's  mouth  open  by  firmly  grasping  the  upper  jaw  in  one  hand,  the  lower 
jaw  in  the  other.  The  capsules  are  dropped  on  the  back  portion  of  the  tongue,  and 
enough  water  or  milk  is  thrown  in  the  animal's  mouth  to  make  him  swallow.  After 
administering  each  of  the  two  doses  the  dog's  head  should  be  tied  up  as  high  as  he 
can  hold  it  and  not  choke.  If  this  detail  is  omitted,  the  patient  will  almost  invariably 
throw  up  the  dose.  During  the  remainder  of  the  day  the  dog  should  be  kept  in 
confinement  and  the  fecal  discharges  gathered  up  and  btuned,  buried,  or  otherwise 
disposed  of  in  such  a  maimer  as  to  prevent  the  possibility  of  contaminating  the  feed 
or  water  of  sheep  or  other  live  stock. 

Incidentally  it  may  be  remarked  that  treating  dogs  for  tapeworm  will 
rid  them  not  only  of  the  sheep-measle  tapeworm  but  also  of  other  species 
of  tapeworm  whose  intermediate  stages  are  fotmd  in  live  stock,  one  of 
which,  the  gid  parasite,  fortunately  as  yet  not  widespread  in  the  United 
States,  affects  the  brain  of  sheep  with  almost  invariably  fatal  results. 
Though  in  certain  localities  coyotes  harboring  tapeworms  are  undoubt- 
edly responsible  for  some  of  the  infestation  of  sheep  with  tapeworm  cysts, 
yet  it  is  the  dogs  accompanying  the  sheep  more  or  less  constantly  day  and 
night  and  depositing  their  feces  laden  with  tapeworm  eggs  in  the  inyne- 
diate  neighborhood  of  the  sheep  which  are  the  chief  source  of  infestation, 
and  if  this  source  is  removed  by  keeping  the  dogs  free  from  worms,  the 
sheep  can  be  kept  practically  free  from  tapeworm  cysts  of  all  kinds. 
In  addition,  it  is  important  that  the  carcasses  of  all  dead  sheep  be 
destroyed  by  burning  them  in  order  to  remove  this  source  of  infection  of 
dogs  and  coyotes. 

SUMMARY 

Sheep  measles,  or  tapeworm  cysts  in  mutton,  were  first  recorded  in 
England  in  1866  and  the  parasite  named  Cysiicercus  ovis  in  1869  by 
Cobbold.  C.  ovis  usually  has  been  considered  identical  with  CysHcercus 
cellulosae,  the  pork-measle  parasite,  and  also  has  been  confused  with  C. 
ienuicoUis.  It  has  been  considered  an  intermediate  stage  of  a  htunan 
tapeworm,  Taenia  tenella  or  T.  solium,  and  also  of  a  dog  tapeworm, 
T.  hydatigena  or  T.  marginata. 

Cysiicercus  ovis  is  the  intermediate  stage  of  a  dog  tapeworm,  Taenia 
ovis  (Cobbold)  Ransom.  It  may  attain  its  full  development  in  sheep  in 
less  than  three  months  after  infection,  and  in  the  dog  the  tapeworm  may 
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reach  the  egg-produdng  maturity  in  seven  weeks  after  the  ingestion  of 
the  cysticercus. 

Cysiicercus  avis  is  commonly  limited  to  the  heart  or  diaphragm,  but 
not  infrequently  occurs  in  the  musdes  of  mastication  and  toogue  and 
sometimes  in  various  locations  in  the  musculature.  It  may  occur  in  the 
lungs,  the  wall  of  the  esophagus,  or  the  wall  of  the  stomach.  Doubtful 
locations  are  the  kidney  and  liver.  It  is  essentially  a  parasite  of  the 
intermuscular  connective  tissue  and  is  evidently  rare  in  other  locations. 

The  cysticerd  seen  by  meat  inspectors  are  usually  degenerated. 
Those  located  in  the  heart  tend  to  degenerate  early.  Degeneration  may 
be  well  established  in  less  than  three  months  after  infection.  Either 
partially  grown  or  fully  developed  cysticerd  may  degenerate  and  may 
be  associated  with  living  cysticerd  in  the  same  carcass  as  a  result  of 
variations  in  longevity  ci  the  parasites  or  of  repeated  infections. 

There  is  no  known  method  ci  diagnosing  the  presence  of  Cysticercus 
ovis  in  the  living  animal.  The  parasites  are  to  be  recognised  in  the 
sheep  carcass  by  thdr  location  in  the  musculatiu'e,  by  thdr  small  size, 
and  by  the  lateral  position  of  the  head  of  the  cysticercus,  C.  tenuicoUis 
being  found  in  relation  with  serous  membranes,  being  of  larger  size 
when  fully  devdoped  than  C.  (m^,  and  having  its  head  in  an  apical 
position  with  reference  to  the  caudal  bladder.  In  some  cases  microscopic 
examination  may  be  required  to  differentiate  between  these  two  spedes. 
The  possibility  exists  of  confusing  degenerate  cysticercus  cj^ts  with 
Sarcocystis  cysts  and  with  encysted  fordgn  bodies,  such  as  plant  barbules. 

Sheep  measles  have  been  reported  from  England,  France,  Germany, 
Algeria,  German  Southwest  Africa,  and  New  Zealand  and  have  been 
found  in  sheep  from  seven  Western  States  of  this  country.  It  probably 
occurs  wherever  sheep  are  attended  by  dogs,  but  has  not  yet  been  found 
in  sheep  known  to  have  originated  in  the  eastern  United  States  (p.  45). 

Over  17,000  of  the  sheep  slaughtered  under  Federal  supervision  during 
the  year  1912,  prior  to  December  i,  were  found  to  be  affected  with 
measles.  With  the  devdopment  of  more  effident  methods  of  inspection 
for  Cysiicercus  ovis  the  number  of  cases  detected  will  be  rdativdy  much 
more  numerous.  The  number  of  infested  sheep  in  the  Western  States 
probably  exceeds,  on  the  average,  2  per  cent  of  the  total  number.  Young 
^eep,  not  over  2  years  of  age,  apparently  are  more  likdy  to  show  infesta- 
tkm  than  cAA  sheep. 

Cysiicercus  ovis  is  of  economic  importance,  first,  because  of  the  losses 
resulting  from  the  condemnation  of  carcasses  found  by  the  meat  inspector 
to  be  more  or  less  heavily  infested,  and,  second,  because  of  the  direct 
losses  which  probably  occur  among  sheep  as  a  result  of  the  invasion  of 
the  parasites.    The  extent  of  these  losses  can  not  be  estimated  at  present. 

Cysticercus  ovis  is  of  special  interest  in  meat  inspection  because  it 
affects  the  musculature  and  because  it  is  so  prevalent.    Carcasses  which 
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are  only  slightly  infested  may  property  be  passed  for  food  after  the 
removal  of  the  parasites,  but  carcasses  showing  a  heavy  infestation  should 
be  condemned.  Moderately  infested  carcasses  may  be  rendered  into 
edible  tallow,  but  are  usually  treated  the  same  as  condemned  carcasses 
and  are  manufactured  into  fertilizer  and  other  inedible  products.  As 
C.  ovis  is  not  transmissible  to  man,  meat-inspection  regulations  concern- 
ing it  need  not  be  so  stringent  in  certain  respects  as  those  governing 
beef  measles  or  pork  measles. 

The  length  of  time  Cysticercus  ovis  may  survive  after  the  death  of  its 
host  has  not  been  determined. 

The  most  important  preventive  measures  against  the  infestation  of 
sheep  with  CysHcercus  ovis  consist,  first,  in  destro3dng  by  fire  the  car- 
casses of  dead  sheep  on  the  farm  or  range  so  that  they  may  not  be 
devoured  by  dogs  or  wolves,  and,  second,  in  keeping  dogs  free  from 
tapeworms  by  systematic  medicinal  treatment.  These  measures  will 
also  protect  sheep  from  infestation  with  tapeworm  cysts  of  various 
other  kinds,  which  they  acquire  from  dogs. 
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DESCRIPTION  OF  PLATES 

Plats  II.  Fig.  i,^Cysiicercusovis  from  lamb  which  had  been  fed  eggs  of  Taenia  ovis 
(lamb  No.  i,  p.  23). 

Fig.  2,^Cysiicercus  cellulosae.  The  cysticerci  have  been  extracted  from 
their  cysts.    Natural  size.    (From  photographs.) 

Fig.  3. — Taenia  ovis.  This  tapeworm  was  developed  by  feeding  CysH- 
cercus  ovis  to  a  dog  (dog  No.  6,  p.  33).  One-half  natural  size.  (From 
a  photograph.) 

Fig.  4. — Taenia  hydatigena  (T.  marginata)  from  an  imported  sheep  dog. 

Fig.  5. — T.  hydatigena  (T.  marginata)  from  a  dog  (dog  No.  2,  p.  91)  which 
had  been  fed  CysOcercus  ienuicolUs.  In  figure  5,  diagonally  above  and 
below,  are  shown  two  small  specimens  of  C  tenuicollis  developed  in  a 
lamb  (lamb  No.  7,  p.  2$)  by  feeding  segments  of  T.  hydatigena.  One- 
half  natural  size  except  the  two  cysticerci,  which  are  shown  nattual 
size .  (From  photographs. ) 
III  (colored).  Figs.  A  and  B. — Portions  of  muscle  of  sheep  showing  Cysticercus 
ovis  (undq^enerated)  in  situ. 

Fig.  A, — Section  of  hind  leg  showing  two  "deep"  cysticerci.  Fig.  B. — 
Hind  leg  showing  three  "superficial"  cysticerci.  (Two-thirds  natural 
size.    Original.) 

Figs.  C  and  D. — Heart  and  portion  of  diaphragm  of  sheep  showing  Sarco- 
cysUs  nodules  likely  to  be  mistaken  for  degenerate  cysticerci.  (Two- 
thirds  natural  size.    Original.) 

Fig.  E. — Sheep  heart  showing  numerous  small  degenerate  cysticerci 
(CysOcercus  ovis.)    (Two-thirds  natural  size .    Original . ) 
IV.  Fig.  z. — Carcass  of  sheep  showing  a  degenerate  cyst  of  Cysticercus  ovis  at 
the  point  indicated  by  the  penknife.    (From  a  photograph  by  Dr.  T. 
White  and  Dr.  A.  English.) 

Fig.  2. — Degenerate  cysts  of  Cysticercus  ovis  in  muscle  of  sheep;  portion 
of  carcass  shown  in  Plate  III,  figs.  A  and  B.  About  natural  size.  (From 
a  photograph  by  Dr.  T.  White  and  Dr.  A.  Engli^.) 
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THE  SERPENTINE  LEAF-MINER 

By  P.  M.  WSBSTBR,  In  Charge,  and  T.  H.  Parks,  Assistant,  Cereal  and  Forat 
Investigations,  Bureau  of  Entomology 

INTRODUCTION 

The  serpentine  leaf -miner  (Agromyza  pusUla  Meig.,  fig.  i,  ( 
described  in  1830  from  central  Europe*  without  definite  Iocs 
host  plant.  The  family  to  which  this  insect  belongs  consists  of  a 
of  small  flies  the  larvae  of  which  are  largely  leaf -miners.  Some,  ho 
are  known  to  feed  upon  scale  insects, 
while  Agromyza  tiliae  Couden*  and  i^ 

A.  magnicomis  Loew*  are  known  '  " 

to  make  galls  on  twigs  of  linden 
(Ti/ia  americana)  and  on  leaves  of 
blue  flag  {Iris  versicolor),  respec- 
tively. Of  the  species  of  economic 
interest  in  America  Agromyza  simr- 
piex  Loew  occasionally  becomes  in- 
jurious to  asparagus^  by  mining 
the  stems.  In  Australia  A .  phaseoli 
Coq.  seriously  injures  stems  of  grow- 
ing beans,  *  while  in  India  stems  of  ^^-  .f;T^*  •?*?*?f*7*^"!?^?  ^ 
young  peas  are  similarly  mjured  by      of  thoiax.  showing  characteristic  coioi 

a  species  of  Agromyza.*  ^'  **<>'***  "^^  ^  abdomen,  mdanic  pha 

o  y  \m.t  of  thorax,  showing  location  of  cha 

The  habits  of  A^ainy2a/>1&h2/a  as        bristles.   Muchcolaigcd.    (original.) 

a  leaf -miner  of  clovers  have  long  been 

known,  both  in  Europe  and  America,  and  its  injuries  have  been  re 
by  some  of  the  earliest  students  of  entomology.  With  the  rapid  ii 
of  alfalfa  culture  in  the  United  States,  especially  in  the  irrigated  s 
of  the  West,  the  work  of  this  leaf-miner  as  an  enemy  of  forage  cr< 
been  more  and  more  frequently  called  to  the  attention  of  the  ] 
of  Entomology.     During  the  past  three  years  this  insect  has  be 

>Meigen,  J.  W.  Systematiache  Beschreibung  der  Bekannten  BuropSiachen  Zweifliigeligen 
T.  6.  Hamm,  1830,  p.  X85. 

'  Couden,  F.  D.  A  ga]l*maker  of  the  family  Agromyzidse.  (AgromyMa  tiliae,  n.  sp.)  Proc. 
Wash..  V.  9,  p.  34-36.  fig.  z,  Z907,  Z908. 

*  Thompson.  M.  T.  Three  gaUs  made  by  cydorrhaphous  flies.  Psyche,  v.  14*  no.  4.  p.  74.  £4 
S907. 

*  Chittenden,  P.  H.  The  asparagus  miner.  (Agromyza  simplex  Loew.)  U.  S.  Dept.  Agr., 
CSrc  Z35.  5  p..  a  fig.,  19ZZ. 

*  Proggatt,  W.  W.  The  French  bean  fly.  (ii^omysa^Aofcolt,  Coquillett.)  Agr.  Gaz.  N.  S.  W 
pt.  1,  p.  Z5X-Z54.  Feb..  Z9ZZ.    Also  pub.  as  N.  S.  Wales  Dept.  Agr.  Misc.  Pub.  No.  Z399- 

'Mazwell-Lcfroy,  Harold.    Indian  Insect  iMt.    Calcutta  and  Simla,  Z909.  p.  69a-6a3. 
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subject  of  investigations  and  observations  made  by  several  members 
of  the  Section  of  Cereal  and  Forage  Crop  Insect  Investigations,  and  the 
following  results  are  herein  set  forth  regarding  this  leaf-miner  as  an 
enemy  of  alfalfa  (Medicago  sativa)  and  other  forage  crops  in  America. 

SYNONYMY 

Mr.  J.  R.  Malloch,  recently  of  the  Bureau  ol  Entomology,  after  mAlring 
a  careful  study  of  specimens  from  Europe  and  also  of  a  large  amount  of 
material  from  widely  separated  localities  in  the  United  States,  includes  as 
synonyms  of  Agromyza  pusilla  the  following  names  heretofore  supposed 
to  apply  to  valid  species: 

A.  pusilla  Meig.,  A.  pumila  Meig.,  A.  strigata  Meig.,  A.  exiUs  Meig.,  A 
Meig.,  A.  puella  Meig.,  A.  pusio  Meig.,  A,  orbcna  Meig.,  A,  blanda  Meig.  (?).  A. 
nuia  Walker  (?),  Oscinis  trifolii  Burg.,  Oscinis  brassicae  Riley. 

HISTORY  OF  THE  SPECIES  IN  EUROPE 

According  to  Schiner,  *'  the  larvae  mine  the  leaves  of  Euphorbia  cy parts- 
siaSf*'  the  cypress  spurge,  also  called  "quacksalver's  spurge,"  which 
according  to  Britton  and  Brown  has  escaped  from  gardens  to  the  road- 
sides and  waste  places  in  the  Atlantic  States. 

The  same  authority  quotes  Bouch^  as  stating  of  Agromyza  amoena  Meig. 
that  "the  larvae  mine  leaves  of  Sambucus nigra,  the  common  European 
elder.'' 

Kaltenbach  records  observing  the  larvae  of  Agromyza  trifolii  mining  in 
the  leaves  of  Tnfolium  medium  in  Jime  and  in  those  of  T.  repens  (white 
clover)  in  September.  He  also  says  of  A,  strigata:  "The  mining  larva 
lives  in  leaves  of  Campanula  trachelium  (bellflower)." 

Goureau,*  in  1861,  records  Agromyza  nigripes,  a  related  European 
species,  as  mining  in  the  leaves  of  Medicago  sativa  (lucem),  in  Europe, 
and  his  description  of  the  habits  and  injury  caused  by  these  miners  is 
very  similar  to  that  which  might  be  given  of  A .  pusilla  and  its  injury  to 
alfalfa  in  America. 

Decaux,'  in  1890,  records  A.  nigripes  as  mining  the  leaves  of  lucem  ' 
in  Prance,  and  in  the  infested  area  estimates  a  loss  of  from  20  to  25 
per  cent  of  the  crop  due  to  the  injury  to  the  lucem  leaves  by  this  miner. 

Groult,*  in  writing  of  A.  nigripes  in  Prance,  records  the  mines  during 
August  and  September  in  fields  of  lucem  and  states  that  where  large 
numbers  of  the  mines  were  present  the  devastation  became  noticeable 
and  the  injured  lucem  made  poor  forage. 

1  Goureau,  Charles.  Lcs  insectcs  nuislbles  auz  arbres  (ruitiers,  aux  plantes  potag^rcs,  aux  o^r^aks  et  ms 
plantcs  fouiiag^ics.  Bttl.  Soc.  Sd.  Hist,  et  Nat.  de  rYonne,  v.  zs,  {».  76-454.  juill.,  z86z.  "A^romym 
nigripes,'*  p.  385-386. 

*  Decaux,  Francois.  {Agromyna  nigripes  Meig.]  Ann.  Soc.  Bnt.  Prance,  ser.  6,  t.  zo  [Bui.],  p.  ccvi- 
ccvii,  nov.  t6,  Z890. 

*  Groult,  Paul.  VAgromyaa  nigripes.  Ijt  Naturaliste  [Paris],  an.  30  (ser.  a,  an.  aa), no.  5Z7,  p.  az9-aao. 
sept.  zs.  Z908. 
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Mr.  H.  S.  Smith,  formerly  of  the  Bureau  of  Entomology,  noticed 
dipterous  larvse  mining  leaves  of  lucem  in  fields  in  Sicily,  Italy,  and 
"*  -    .        -  .        -  --  )a  taken  in  one  of  these 

December,  191 1,  reared 
is  species  in  Europe  as 
erica  with  which  he  is 
ling  in  the  lucem  leaves 


ITED  STATES 

been  found  in  middle, 
Egypt,  England,  Scot- 
own  in  the  map  of  the 

ED  STATES 

Fnited  States,  excluding 
Alaska  and  the  insular 
possessions,  extends 
from  the  coast  region 
of  central  New  Jersey 
southward  to  southern 
Florida  and  westward 
to  southern  California 
and  northwestern 
Washington.  It  also 
occurs  about  Ho  no- 
lulu,  Hawaiian  Islands. 
(See  map  of  the  United 
States,  fig.  3.) 

itates  National  Museum 


,  Mo.  (Riley);  Los  Angeles, 
:aiis.;  Flagstaff,  Ariz.;  Wil- 
er,  Cal.  (P.  H.  Timberlake); 
*ucker);  Cotulla,  Tex.  (F.  C. 

lowing  localities: 

eg.  (Melander) ;  Moscow  Mt, 
(Woodland,  Palouse,  Monroe, 
and  Hyslop);  Philadelphia, 
ods  Hole,  Aubumdale,  and 
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FOOD  PLANTS  IN  EUROPE 

According  to  Brischke,  Brauer,  and  Kaltenbach  the  following  host 
plants  in  Europe  are  given  for  Agromyza  pusUla  and  its  s3monyms: 


AgramyMa  pusilla  Meig.: 

Sfnram  ulmaria  (meadow  queen). 

Solatium  tuberosum  (potato). 

Hyoscyomus  niger  (henbane,  hog  bean). 

Caleopsis  Ulrakit  (hemp  nettle). 

Stachys  syhxtntfica  (hedge  nettle). 

Euphorbia    cyparissias  (cy- 
press spurge). 
Agromyza  strigata  Meig.: 

Campanula  trachelium  (bellflower). 

Taraxacum  gAuculata  (dandelion). 

Sonchus  oleraceus  (sow  thistle). 


Agromyza  strigata  Meig. — Continued. 

BelUs  perennis  (garden  daisy). 
Agromyza  trifoUi  Btug.: 

TrtfoUum  repens  (white  clover). 

Trifolium  medium  (zigzag  clover). 
Agromyza  orbona  Meig.: 

Ononis  spinosa  (rest-hanow). 

Ononis  repens  (rest-harrow). 
Agromyza-  variegata  Meig. : 

Colutea  arborescens  (bladder  senna). 
Agromyza  amoena  Meig.: 

Sambucus  nigra  (European  elder). 


FOOD  PLANTS  IN  AMERICA 

Besides  alfalfa,  this  species  has  been  reared  in  the  United  States  from 
the  following  plants,  given  here  with  the  locality,  date,  and  collector: 
Cabbage  {Brassica  oleracea): 

St.  Louis,  Mo.,  June  17, 1876  (C.  V.  Riley);  Geoigetown,  D.  C,  July,  1882  (Theo. 
Pergande);  Los  Angeles,  Cal.,  September,  1887  (D.  W.  Coquillett);  Ames,  Iowa, 
date  unknown  (Herbert  Osbom),  reared  from  stems;  Washington,  D.  C,  May  and 
June,  1900  (Theo.  Pergande);  Athens,  Ga.,  Jtme  7, 1900  (Theo.  Pergande);  Browns- 
ville, Tex.,  February,  1908  (D.  K.  McMillan);  Orlando,  Fla.,  March  24, 1908  (H.  M. 
Russell);  Honolulu,  H.  I.,  September,  1910  (H.  O.  Marsh),  abtmdant  and  destruc- 
tive; La  Fayette,  Ind.,  May,  1912  (W.  J.  Phillips  and  Philip  Luginbill). 
Nasturtitun: 

Washington,  D.  C,  July,  1897  (D.  W.  Coquillett),  Arlington,  Va.,  June  30,  1906 
(I.  J.  Condit). 
Radish  (Raphanus  sativus): 

Honolulu,  H.  I.,  July,  1906  (Jacob  Kotinslcy);  Washington,  D.  C,  July,  1907 
(C.  H.  Popenoe). 
Potato  (Solanum  tuberosum): 

Foristcll,  Mo.,  June  3,  1876  (C.  V.  Riley). 
Turnip  (Brassica  rapa): 

Washington,  D.  C,  Jtdy  30, 1906  (I.  J.  Condit);  Corpus  Christi,  Tex.,  January  22, 
1908  (D.  K.  McMillan);  Arlington,  Va.,  August,  1909  (£.  G.  Smyth). 
Spinach  {Spinacia  oleracea): 

San  Francisco,  Cal.,  1907  (E.  M.  Ehrhom). 
Watermelon  (Citrullus  vulgaris): 

Orlando,  Fla.,  June  13,  1907  (H.  M.  Russell). 
Garden  beet  (Beta  vulgaris): 

Honolulu,  H.  I.,  1906  Qacob  Kotinsky). 
Sugar  beet  (Beta  vulgaris): 

Compton,  Cal.,  April  13, 19x0  (H.  M.  Russell)  (adults  reared  from  pupse  collected 
on  leaves);  Elsinore,  Utah,  August  5, 19x0  (E.  G.  Titus)  (adults  collected  on  sugar 
beets). 
Pepper  (Capsicum  sp.): 

Brownsville,  Tex.,  February,  1909  (D.  K.  McMillan). 
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Vetch  (Viciasp,): 

Columbia,  S.  C,  June  15,  19x3  (Philip  Luginbill). 
Sweet  pea  (Laihynu  odoratus): 

Tempe,  Ariz.,  May  34,  1912  (V.  L.  Wildennuth);  Sacaton,  Ariz.,  May  25,  1912 
(R.  N.  WUaon);  Salt  Lake  City,  Utah,  June,  19x1  (C.  N.  Ainslie). 
Fenugreek  (Trigonellafoenum^graecum): 

Salt  Lake  City,  Utah,  July  aa,  i9ix  (T.  H.  Parks). 
White  clover  {Trifolium  repens,  PI.  V,  fig.  a): 

Washington,  D.  C,  June,  1879  (Theo.  Pergande);  Oxford,  Ind.,  1SS4  (F.  M.  Web- 
ster); Washington,  D.  C,  September  xx,  X907  (C.  N.  Ainslie);  Salt  Lake  City.  Utah, 
X9xx-ia  (C.  N.  Ainslie  and  T.  H.  Parks);  Lyman,  Wyo.,  July  14, 191 1  (T.  H.  Parks). 
Red  clover  (Trifolium  pralense): 

Salt  Lake  City,  Utah,  June  to  September,  19XX  (T.  H.  Parks);  Twin  FaUs, 
Idaho,  July,  191a  (T.  H.  Parks). 
Sweet  clover  {Melilotus  officinalis): 

Tempe,  Ariz.,  May  14,  191a  (V.  L.  Wildennuth). 
Rape  (Brassica  napits,  PI.  V,  fig.  x): 

La  Fayette,  Ind.,  1909  (W.  J.  Phillips),  La  Fayette,  Ind.,  1911  and  19x3  (W.  J. 
Phillips  and  Philip  Luginbill). 
Cowpea  (Vigna  unguiculaia): 

Batesburg,  S.  C,  July  la,  X904  (E.  G.  Titus);  Lakeland,  Fla.,  May  8,  191a  (G.  G. 
Ainslie;  La  Fayette,  Ind.,  July  and  August,  191a  (Philip  Luginbill);  Columbia, 
S.  C,  July  10,  1908  (G.  G.  Ainslie),  September  xi,  19x3  (Philip  Luginbill),  Como, 
Miss.,  August,  19x3  (T.  H.  Parks). 
Cotton  (Gossypium  barbadense): 

Batesburg,  S.  C,  19x3  (E.  A.  McGregor);  Dallas,  Tex.,  X9xa  (A.  Rutherford). 
Tobacco  (Nicotiana  sp.): 

Chatham,  Va.,  July,  X906  (W.  W.  Green). 
Hedge  mustard  (Sisymbrium  officinale): 

Washington,  D.  C,  June,  X900  (F.  H.  Chittenden  and  Theo.  Pergande);  Welling- 
ton, Kans.,  May,  X913  (E.  O.  G.  Kelly). 
Smooth  rock  cress  (Arabis  laevigata): 

Washington,  D.  C,  Jtme,  X900  (F.  H.  Chittenden  and  Theo.  Pergande). 
Plantain  (Plantago  sp.): 

Salt  Lake  City,  Utah,  July,  X9X3  (C.  N.  Ainslie). 
Common  mallow  (Maha  rotundifolia): 

Tempe,  Ariz.,  October,  19XX  (V.  L.  Wildennuth). 

The  great  variety  in  the  food  plants  of  the  larvae,  together  with  the 
fact  that  the  peculiar  shaped  but  rather  inconspicuous  larval  mines  in 
the  leaves  (PI.  V,  figs,  i  and  3)  do  not  readily  attract  attention  except 
when  excessively  abundant,  leads  to  the  suspicion  that  the  insect  may 
occur  unobserved  in  many  localities  not  indicated  on  the  map  (fig.  3). 
This  is  perhaps  especially  true  throughout  the  West  wherever  it  becomes 
sufficiently  abundant  in  alfalfa  fields  to  be  a  pest.  Therefore,  in  this 
paper,  it  is  considered  with  special  reference  to  alfalfa  culture. 

RECORDS  OF  THE  BUREAU  OF  ENTOMOLOGY 

The  earliest  published  record  of  this  insect  was  by  the  late  Dr.  C.  V. 
Riley,  who  appears  to  have  first  reared  the  fly  from  larval  mines  in  the 
lower  leaves  of  potato  received  from  Foristell,  Mo.,  June  3,  1876,  other 
individuals  issuing  later.    At  that  time  it  was  supposed  to  be  an  Osdnis. 
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On  June  17,  1876,  Dr.  Riley  noted  that  cabbage  leaves  in  the  vicinity 
of  St.  Louis,  Mo.»  were  infested  by  some  leaf-mining  larvse,  and  from 
these  mines  a  single  female  fly  was  reared  June  30,  the  larva  pupating 
underground.  Several  years  later,  when  apparently  the  same  insect  was 
found  mining  the  leaves  of  cabbage,  June  25,  1882,  in  Georgetown,  D.  C, 
by  Mr.  Theo.  Pergande,  interest  in  Dr.  Riley's  previous  rearing  from 
cabbage  leaves  in  St.  Louis,  Mo.,  appears  to  have  been  revived.  In 
1884*  Dr.  Riley  described  the  species  as  Oscinis  brdssicae,  evidently 
failing  to  recognize  as  identical  his  former  rearing  from  mines  in  potato 
leaves,  but  calling  attention  to  the  similarity  between  his  species  and 
Oscinis  irifolii  Burgess,  which  had  been  described  five  years  before.  This 
same  year  (1884)  the  senior  author  found  the  same  species  in  large  num- 
bers attacking  the  leaves  of  white  clover  (Trifolium  repens)  at  Oxford,  Ind. 

Three  years  after  its  first  discovery  in  Missouri  by  Dr.  Riley  and  during 
June,  1879,  the  insect  was  observed  to  be  very  abundant  about  Washing- 
ton, D.  C,  attacking  the  leaves  of  white  clover,  and  was  carefully  studied 
by  Mr.  Theo.  Pergande.  It  must  be  borne  in  mind  that  at  that  time  (i  879) 
it  was  not  positively  known  to  attack  clover  or  other  plants  elsewhere, 
and  as  a  result  of  Mr.  Pergande's  labors  adult  flies  were  secured  which 
were  afterwards  described  by  Mr.  Edward  Burgess  as  Oscinis  irifolii? 

In  1898  the  late  Mr.  D.  W.  Coquillett,  after  examining  the  types  of 
both  Oscinis  brassicae  Riley  and  O.  irifolii  Burgess,  decided  that  both 
were  synonyms  of  Agromyza  diminvia  Walk.'  Further  results  are  shown 
by  Mr.  Malloch's  studies. 

Its  wide  distribution  in  the  alfalfa-growing  section  west  of  the  Rocky 
Mountains  was  especially  noted  by  the  junior  author  during  the  summers 
of  191 1  and  1912,  when,  during  the  months  of  June,  July,  and  August,  the 
larvae  were  found  mining  in  the  leaves  of  alfalfa  at  almost  every  point 
visited  in  connection  with  the  investigation  of  the  alfalfa  leaf-weevil 
(Phyionamus  posiiais  GylL).  The  territory  covered  by  these  observa- 
tions comprises  most  of  the  alfalfa-growing  section  of  Utah,  southern  and 
western  Idaho,  and  southwestern  Wyoming.  In  fact,  the  mines  were 
present  in  limited  numbers  wherever  alfalfa  was  found  growing  and  in 
places  widely  separated  by  the  uncultivated  desert.  This  may  be  illus- 
trated by  quoting  from  field  notes  made  at  Ludn,  Utah,  August  20,  191 1 : 

In  a  small  field  of  alfalfa  urigated  from  a  spring  and  in  the  midst  of  a  desert  west 
of  Great  Salt  Lake  these  leaf-miners  were  of  common  occurrence.  There  is  no  alfalfa 
to  the  east  for  fully  90  miles  and  to  the  west  for  a  distance  of  about  60  miles,  this  field 
being  just  6  miles  from  the  Utah-Nevada  State  line.  Both  larvse  and  pupse  were 
observed. 

>  Riky,  C  V.    The  cabbage  Osdnk  iOscmU  hrassica  n.  sp.).    U.  S.  Comr.  Asr.  Rpt.  1884.  p.  3«<>  pI*  ^ 

s  Riley.  C.  V.  The  clover  Osdnis.  (Oscinis  irifolii  Burgess  [n.  sp.)).  U.  S.  Comr.  Agr.  Rpt.  1879* 
p.  aoo-^ot,  xSBo. 

*  Coquillett.  D.  W.  On  the  habits  of  the  OsdnidK  and  Agromyzidce,  reared  at  the  United  SUtes  Depart- 
ment of  Acrlcultnre.    U.  S.  Dept.  Agr.,  Bur.  Ent.,  Bui.,  n.  s.,  no.  xo,  p.  78, 1898. 
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A(}tilts  and  pupae  were  collected  at  Boise,  Idaho,  by  Mr.  H.  T.  Osboni, 
of  the  Bureau  of  Entomology,  August  22,  191 1 ;  and  from  mined  leaves  of 
alfalfa  received  from  Sarah  A.  Armstrong,  July  3, 1905,  from  Fort  Collins, 
Colo.,  adult  flies  of  this  species  developed  en  route. 

Its  distribution  extends  westward  to  the  Pacific  coast,  and  throughout 
the  irrigated  sections  of  Washington,  Oregon,  and  California.  In  a 
communication  dated  January  25,  191 2,  from  Mr.  Wyatt  W.  Jones,  of 
Redding,  Cal.,  the  writer  states  that  his  attention  has  frequently  been 
called  to  a  minute  leaf -miner  in  alfalfa,  very  common  in  that  region  during 
August  and  September.     His  attempts  to  rear  adults  resulted  in  securing 

only  parasites.  On  May  14,  1912, 
Mr.  Jones  collected  larvse  and  pupae 
from  young  alfalfa  plants  grown  from 
seed  sown  in  March  of  that  year. 

Mr.  V.  L.  Wildermuth,  who  has 
made  a  careful  study  of  this  insect  in 
the  Imperial  Valley  of  southern  Cali- 
fornia and  in  Arizona,  finds  it  very 
generally  distributed  over  the  alfalfa- 
growing  section  of  the  Southwest, 
where  its  injury  to  the  hay  crop  is 
probably  greatest.  It  has  also  been 
swept  from  alfalfa  at  Glendale,  Cal., 
by  Mr.  T.  D.  Urbahns. 

These  flies  were  reared  from  larvae 
mining  alfalfa  leaves  at  Wellington, 
Kans.,  by  the  junior  author  in  July, 
1 910,  and  again  by  Mr.  E.  O.  G.  Kelly, 
of  the  Bureau  of  Entomology,  at  the 
same  place  during  the  summer  of 
1912.  While  the  injury  was  not 
severe,  Mr.  Kelly  reported  plants  with 
from  12  to  20  mined  leaves  common 
during  June. 

Two  adults  and  numerous  parasites 
were  reared  from  alfalfa  leaves  col- 
lected at  Manhattan,  Kans.,  by  Mr.  C.  N.  Ainslie  in  July,  1907.  Mr. 
Ainslie  also  reared  adults  and  parasites  from  infested  leaves  of  alfalfa 
collected  at  Mesilla  Park,  N.  Mex.,  May  21,  1909,  and  reported  two  or 
three  mines  in  one  leaflet  not  uncommon  in  the  lower  leaves  of  plants  in 
a  field  of  very  young  alfalfa. 

Specimens  have  been  collected  from  altitudes  varying  from  below  sea 
level  in  southern  California  to  7,000  feet  above  sea  level  elsewhere. 


Pio.  4.— Alfalf*  leaf  with  cggt  o(  Uic  tcrpaxdne 
Icai-miner  in  ftitu,  tamewhAt  enlarged,  a. 
Egg,  greatly  enlarged;  b,  same,  in  situ,  with 
parenchyma  of  leaf  i>artly  diitected  away, 
much  enlarged.    (Original.) 
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Throughout  the  entire  West  the  mines  were  found  in  limited  niunbers 
wherever  alfalfa  is  grown. 

From  the  occurrence  of  the  larvae  and  pupae  in  such  widely  scattered 
points  we  are  led  to  believe  that  the  insect  has  long  been  established 
throughout  the  alfalfa-growing  sections  of  the  West. 

While  this  leaf-miner  does  not  constitute  a  widespread  menace  to  the 
alfalfa  crop,  it  works  considerable  damage  in  New  Mexico,  Arizona,  and 
southern  California,  because  leaves  mined  by  the  larvae  are  unfit  for 
fodder;  besides,  the  changed  color  of  the  hay  reduces  its  market  value, 
especially  if  grown  mixed  with  timothy. 

DESCRIPTION  OF  THE  LEAF-MINER,  AGROMYZA  PUSILLA. 
THE  ADULT   (FIG.  l) 

In  view  of  the  great  number  of  synonyms  and  the  impossibility  of 
giving  descriptions  of  all  of  these  in  this  article,  Mr.  Malloch  has  drawn 
up  the  following  description,  based  on  a  large  ntunber  of  specimens 
in  the  collections  of  the  Bureau  of  Entomology  and  the  United  States 
National  Museum,  the  better  to  facilitate  the  recognition  of  the  insect  as 
it  occurs  in  America. 

Malb  and  Fbmals.— Black,  shining,  marked  in  most  variable  degree  with  yellow. 
FRms,  except  ocellar  region  and  sometimes  a  narrow  side  stripe  posteriorly,  yellow; 
remainder  of  head  parts,  except  behind  vertex,  yelk>w.  Mesonotum  with  a  more  or 
less  bioad  yellow  margin  which  never  extends  distinctly  aiomid  the  anterior  or  the 
posterior  margin;  four  pairs  of  dorsocentral  bristles  pre9ent,  as  well  as  numerous  short 
hairs  on  disk;  humeri  with  a  black  spot.  Pleurse  sometimes  yellow,  with  a  brownish 
spot  above  and  shortly  behind  the  coxee,  another  large  one  covering  the  space  between 
the  fore  dkid  mid  coxee,  and  another  one  between  the  mid  and  hind  coxee;  at  other 
times  almost  entirely  black,  with  the  sutures  and  upper  margin  yellow.  Scutellum 
entirely  yellow,  or  yellow  with  black  basal  side  spots,  which  in  some  cases  extend 
almost  around  the  entire  margin  and  on  to  the  disk.  Postnotum  black.  Abdomen 
yellowish,  with  dark  brownish  bases  to  segments;  or  black,  with  pale  apices  to  seg- 
ments; or  entirely  shining  black,  with  the  apical  segments  whitish  or  yellowish  at 
apex.  Legs  varying  from  almost  entirely  yellow,  with  only  the  tarsi  brownish,  to 
almost  entirely  black,  with  knee  joints  yellow;  the  femora  generally  less  intensely 
black  than  other  parts  of  legs.  Mid  tibie  without  distinct  posterior  bristles.  Wings 
dear;  second  division  of  costa  about  two  and  one-half  times  as  long  as  first  section, 
third  and  fourth  veins  divergent  at  extremities;  outer  cross  vein  as  long  as  or  slightly 
shorter  than  the  section  of  fourth  anterior  to  it;  basal  two  sections  of  fourth  subequal 
or  the  second  slightly  the  shorter;  last  section  of  fifth  vein  about  three  times  as  long 
as  preceding  section.    Halteres  yellow. 

Length,  I  to  1.75  mm. 

This  is  a  most  variable  species  in  color  and  is  very  widely  distributed. 

THE   EGG    (FIG.  4) 

The  eggs  are  pale,  white,  oval,  about  0.25  mm.  long,  and  can  be  frequently  seen 
through  the  epidermis  from  above.  Figure  4,  6,  shows  the  egg  partly  dissected  out 
of  one  of  these  pits. 
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THE   LARVA   (FIG.  5) 

Larva,  newly  hatched,  about  0.12  mm.  in  length,  nearly  white,  but  soon  turning 
yellowish.    When  fully  developed,  it  averages  nearly  3  mm.  in  length,  fully  extended, 

and  is  bright  translucent  yellow,  the  black,  chitin- 
ized  mouth  parts,  tracheal  system,  and  dark  con- 
tents of  the  posterior  alimentary  canal  being  plainly 
visible  through  the  body  walls.     Form  subacute 
anteriorly,  increasing  rapidly  in  diameter  caiidad 
Fn.  5.— Lwa  o<  the  •crpentine  leaf-    for  about  one-third  of  its  length,i  then  gradually 
miner,    latexal    view.   Enlarged,    diminishing  posteriorly  to  the  bases  of  the  anal 
(Oricinal.)  spiracles,  where  the  body  becomes  rather  suddenly 

truncate,  terminating  abruptly.    Anal  spiracles  la^,  porrect,  extending  beyond  end 
of  Cauda.    Body  segments  visible  and  each  encircled  by  a  band,  granular  in  appear- 
ance, which  is  sprinkled  with  minute  setaceous  tubercles.    Anterior 
spiracles  much  smaller  than  posterior,  somewhat  chitinized  at  tips, 
Imobbed,  and  situated  in  a  slight  depression. 

Upon  the  ventroanal  surface  there  occurs  a  tubercular,  suckerlike 
organ,  in  addition  to  which  is  a  pair  of  rather  large  ventrolateral 
tubercles  placed  between  the  anal  spiracles  and  the  organ  mentioned 
above.    (Description  by  W.  R.  Walton.) 

THE  PUPARIUM    (FIG.  6) 

Puparium  slightly  less  than  2  mm.  in  length,  greatest  width  about  0.8 

mm.     Oblong  oval  in  form,  slightly  flattened,  the  sides  sinuate  or  F10.6.— Pupa- 

fluted  in  outline.     Segments  strongly  marked.     Bright  yellow  in  Jewnti^ 

color  when  freshly  pupated,  gradually  darkening  to  brown  as  the  leaf-miner, 

development  of  the  pupa  progresses.     Surfaces  slightly  shining,  but  ventral 

without  sculpture.     Anterior  and  posterior  spiracles  prominent,  as  iTt^^d' 

shown  in  figure  6.    (Description  by  W.  R.  Walton.)  (Original.) 

HIBERNATION 

Mr.  George  G.  Ainslie  finds  that  at  Lakeland,  Fla.,  the  larvae  of  the 
serpentine  leaf -miner  may  continue  feeding  throughout  the  entire  winter. 
They  were  observed  by  him  mining  in  cowpeas  in  January,  191 3.  In  the 
Salt  River  Valley  of  Arizona  Mr.  V.  L.  Wildermuth  finds  that  during 
mild  winters  the  larvae  may  mine  in  the  leaves  until  after  Christmas. 
Ordinarily,  however,  in  that  locality,  the  larvae  go  into  hibernation  late  in 
November.  At  Brownsville,  Tex.,  although  we  have  no  information 
relative  to  this  species,  Mr.  R.  A.  Vickery  finds  that  other  insects  do  not 
hibernate  at  all,  which  agrees  with  what  Mr.  Ainslie  observes  to  be  true 
of  this  species  in  Florida. 

It  would  seem,  therefore,  that  the  species  hibernates  north  of  Florida 
and  extreme  southern  Texas  and  that,  so  far  as  known,  hibernation  takes 
place  only  as  pupae  on  or  beneath  the  surface  of  the  soil.  In  the  North 
only  a  small  percentage  of  the  last  generation  in  the  fall  lives  to  enter 
hibernation  at  all,  owing  to  the  fact  that  the  larvae  continue  feeding  in 
their  mines  until  late  in  the  autumn,  large  nimibers  in  this  way  being 
killed  annually  by  the  early  freezes  of  October  and  November.  In  the 
Salt  Lake  Basin  in  Utah  this  insect  begins  to  enter  hibernation  during 
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October,  although  many  larvae  continue  mmmg  until  killed  by  frosts. 
Moreover,  a  very  large  percentage  of  the  larvae  in  the  mines  are  parasitized 
at  this  time,  which  greatly  reduces  the  number  of  healthy  pupse  that 
would  otherwise  enter  hibernation.  The  junior  author,  in  an  effort  to 
secure  hibernating  puparia  at  Salt  Lake  City  in  January,  191 2,  gathered 
old  alfalfa  leaves  and  loose  soil  from  irrigation-ditch  banks  where  the 
mines  had  been  common  during  the  summer  of  191 1,  but  only  parasites 
issued  from  this  material. 

Healthy  puparia  formed  late  in  October  pass  the  winter  in  that  stage 
in  the  latitude  of  northern  Indiana. 

Hibernation  takes  place  largely  in  waste  places  where  volunteer  alfalfa 
is  found  growing.  In  the  arid  country  of  the  West  such  patches  of  alfalfa 
can  be  found  ever3rv7here  along  irrigation-ditch  banks,  fence  rows,  and 
railway  right  of  ways,  where  it  escapes  from  cultivation. 

BEGINNING  OF  ACTIVITY  IN  SPRING 

Adults  emerging  from  hibernation  are  abroad  in  April  in  southern 
California  and  Arizona  and  during  the  month  of  May  in  the  intermountain 
r^on  farther  north.  Evidently  they  do  not  travel  far  before  oviposition 
takes  place.  As  an  indication  of  this  it  was  noticed,  both  in  Utah  and 
again  in  Arizona  and  California,  that  the  first  mines  observed  in  spring 
were  tisually  either  confined  to  the  foliage  of  a  single  plant  or  scattered 
more  or  less  sparingly  over  two  or  three  adjoining  plants.  The  occupants 
of  these  mines,  whether  larvse  or  pupae,  were  all  in  nearly  the  same  stage 
of  their  development,  thus  indicating  that  the  eggs  were  either  deposited 
by  a  single  female,  or,  if  by  more  than  one,  at  about  the  same  date. 
It  was  noticed,  also,  that  the  female  confines  her  oviposition  to  a  small 
area,  usually  placing  only  one  egg  in  a  leaf.  In  the  ^t  Lake  Basin  the 
first  mines  in  spring  were  usually  found  clustered  on  volunteer  plants 
along  irrigation-ditch  banks,  where  the  insect  probably  had  hibernated. 

OVIPOSITION  AND  THE  EGG  PERIOD 

The  eggs  are  deposited  in  the  cellular  tissue  of  the  leaf,  and  the  process 
of  oviposition  has  been  observed  by  several  members  of  the  Section  of 
Cereal  and  Forage  Insect  Investigations  of  the  Bureau  of  Entomology. 
The  female  deposits  the  tgg  from  the  underside  of  the  leaf,  frequently 
near  the  margin,  where  she  can  anchor  herself  by  hooking  the  tarsal 
joints  over  the  edge  during  oviposition.  The  fly  inserts  the  ovipositor 
into  the  tissues,  thrusting  the  tip  of  the  abdomen  against  the  leaf  and 
puncturing  the  tissues  with  her  ovipositor.  She  enlarges  the  opening 
thus  made  by  a  rotary  motion  of  the  abdomen  and  places  the  ^gg  well 
up  into  the  cellular  tissue  against  the  epidermis  on  the  upper  surface. 

After  the  female  has  finished  enlarging  the  opening  she  turns  around 
and  sucks  up  the  sap  from  the  aperture,  after  which  she  is  soon  engaged 
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in  making  another  incision  in  the  leaf,  where  she  repeats  the  feeding 
operation.  When  several  females  are  confined  on  one  plant  the  under- 
side of  the  leaves  soon  becomes  pitted  with  these  feeding  pmictures  made 
with  the  ovipositor.  Only  a  small  percentage  of  the  pmictures  contain 
eggs,  as  the  main  ftmction  of  the  punctures  seems  to  be  to  furnish  food 
for  the  adults.  The  larval  mine  always  commences  at  this  little  hole 
or  pit. 

The  females  in  confinement  readily  feed  on  sugar  water,  and,  no  doubt, 
nectar  furnishes  a  part  of  their  food,  although  no  field  observations 
prove  this. 

The  egg  period  lasts  from  three  to  eight  days,  varying  with  the  seasons 
of  the  year,  but  the  average  period  of  incubation  can  be  considered  as 
four  days. 

HABITS  OF  LARVA  AND  LENGTH  OF  LARVAL  PERIOD 

The  larva  (fig.  5)  commences  feeding  immediately  after  hatching  and 
starts  mining  through  the  tissues  just  beneath  the  upper  surface.     The 

mine  at  first  is  very  small  and  threadlike, 
gradually  widening  with  the  growth  of  the 
larva.  Often  the  miner  endrde^  the  entire 
leaf  at  first  and  then  works  into  the  uneaten 
center,  and  frequently  the  mine  crosses  like 
F».  7.-^Moiith  •mutuie  of  larva  of  a  figure  8.  (See  PI.  V,  fig.  3.)  If  the  leaf  is 
the  terpenUiic  leaf-mincr.  gitaUy    small,  the  entire  ccUular  tissue  may  be  con- 

enlarged.    (Original.)  .  , 

sumed,  leavmg  only  the  epidermis;  in  such 
cases  the  larvse  have  been  observed  to  enter  the  leaf  petioles  and  burrow 
a  short  way  downward  in  an  effort  to  secure  enough  food  to  bring 
them  to  maturity.  The  larva  is  not  able  to  enter  afresh  leaf  in  seardi 
of  food,  but  perishes  when  the  food  supply  in  one  leaf  is  insuffident  to 
bring  it  to  maturity. 

The  larva  is  provided  with  an  oral  appendage,  or  rasping  organ  (fig.  7), 
with  which  it  breaks  down  the  cdlular  tissue  and  conveys  it  to  the  mouth. 
This  feeding  "  rake**  is  swung  rapidly  from  side  to  side,  twice  a  second  or 
oftener,  while  the  body  moves  in  an  arc  as  far  as  can  be  easily  reached, 
when  it  is  quickly  brought  back  to  the  other  end  of  the  "swath"  and 
the  body  moved  up  a  minute  distance  to  reach  new  cells.  The  larva 
continues  thus  feeding  incessantly  within  its  mine  from  the  time  of 
incubation  until  maturity.  Mr.  C.  N.  Ainslie  observed  that  feeding  took 
place  at  night  as  wdl  as  by  day  and  that  strong  transmitted  light  thrown 
upon  the  larva  had  no  effect  upon  it.  It  is  indifferent  to  all  external 
happenings,  and  the  epidermis  of  the  leaf  may  be  stripped  from  the  back 
of  the  feeding  larva  without  disturbing  it,  provided  the  head  is  not 
uncovered.  When  the  leaf  epidermis  is  removed  from  the  head,  feeding 
ceases,  and  the  larva  can  not  be  induced  to  resume  it. 
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• 
The  larval  periq|d  covers  from  3  to  12  days;  during  the  summer  months 

it  is  passed  in  4  or  5  da3rs,  the  time  increasing  as  the  days  get  cooler. 

Many  individuals  are  killed  by  the  autumn  frosts  while  they  are  yet 

partially  grown.    They  will,  however,  continue  feeding  under  remarkably 

low  temperatiue  conditions  in  an  effort  to  survive;  Mr.  Wildermuth 

reared  larvse  from  the  time  of  hatching  till  they  were  full  grown  in 

from  10  to  12  days  under  a  mean  daily  temperature  of  46.8°  F.,  and 

where  upon  one  occa^on  a  minimum  of  25^  P.  was  reached. 

PUPATION  AND  THE  PUPAL  PERIOD 

The  pupa  (fig.  6),  when  found  within  the  leaf,  is  alwa3rs  at  the  enlarged 
end  of  the  mine  where  the  larva  stops  feeding,  and  frequently  in  a  cavity 
next  to  the  lower  surface,  so  that  there  is  no  indication  that  the  pupa- 
rium  is  present  until  the  leaf  is  turned  over  to  view  it  from  beneath. 
The  color  is  light  yellow  at  first  and  gradually  turns  darker  as  transfor- 
mation progresses,  becoming  a  deep-brown  color  before  the  adult  emerges. 
In  the  more  humid  section  of  the  country  the  fully  developed  larva 
invariably  forsakes  its  mine  and  descends  into  the  ground  from  one-fotulh 
to  one-half  inch  below  the  surface,  or  crawls  beneath  some  litter  and 
there  pupates.  This  is  apparently  true  over  the  entire  country  with 
respect  to  the  hibernating  generation,  but  in  the  arid  and  semiarid  regions 
of  the  West  it  has  been  observed  that  during  spring  and  summer  much 
of  the  transformation  takes  place  within  the  larval  mines  in  the  leaves. 

In  the  Salt  Lake  Ba^  and  alfalfa-growing  sections  of  southern  Idaho 
and  Wyoming  pupation  occurs  almost  entirely  within  the  larval  mines 
during  the  summer  months.  The  junior  author,  who  first  studied  the 
!^>ecies  at  Wellington,  Kans.,  and  afterwards  at  Salt  Lake  City,  Utah, 
at  once  noticed  this  difference  in  pupation  habits  in  the  two  localities. 
This  same  thing  was  noticed  at  Salt  Lake  City,  Utah,  by  Mr.  C.  N. 
Ainslie,  who  was  rarely  able  to  find  mines  from  which  the  larvee  had 
emerged  to  pupate. 

Mr.  Wildermuth  found  that  in  the  Imperial  Valley  of  California  during 
the  month  of  April  about  50  per  cent  of  the  larvse  pupate  in  the  mines, 
but  in  the  Salt  River  Valley  of  Arizona  only  a  small  percentage  trans- 
forms within  the  mines,  the  majority  forsaking  the  leaf  and  pupating  in 
the  soil.  In  Indiana,  where  this  insect  attacks  cabbage,  rape,  and  cow- 
peas,  this  transformation  takes  place  entirely  within  the  soil.  This  is 
also  true  in  the  region  of  the  Southeastern  States,  where  the  mines  are 
found  in  the  leaves  of  cowpeas  and,  as  observed  by  Mr.  McGregor,  to 
some  extent  in  those  of  cotton. 

No  reason  can  be  advanced  to  explain  this  difference  in  habit  of  pupa- 
tion, a  careful  study  of  the  htunidity  in  these  widely  separated  localities 
failing  to  offer  any  explanation  therefor. 

The  pupal  period  during  the  summer  months  is  about  10  days,  but 
ranges  from  8  to  28  days  from  April  to  December. 
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THE  ADULT  PERIOD  ^ 

The  fly  (fig.  i,  a)  emerges  through  a  slit  cut  in  one  end  of  the  pupa- 
rium  and  can  be  taken  at  almost  all  hours  of  the  day  in  sweeping  the 
foliage  with  a  net.  Adults  put  in  confinement  have  lived  lo  days  after 
emerging,  and  the  time  elapsing  between  emergence  and  oviposition 
has  varied  from  4  to  lo  days.  The  eggs  are  deposited  soon  after  copula- 
tion and  in  the  manner  previously  described. 

LENGTH  OF  LIFE  CYCLE 

The  following  may  be  taken  as  the  average  period  elapsing  for  the 
different  stages  of  development  during  the  months  of  June  and  July, 
at  a  latitude  of  40**: 

Days. 
Time  elapsing  between  the  emergence  of  the  adult  and  oviposition . .       5 

Egg  period / 4 

Larval  period 4 

Pupal  period 10 

Average  time  for  one  generation 23 

This  period  is  considerably  lengthened  under  existing  low  temperatures, 
and  a  maximum  period  of  35  or  40  days  may  be  required  in  the  cool 
weather  of  late  autumn. 

NUMBER  OF  GENERATIONS  ANNUALLY 

Since  the  larvae  continue  developing  late  into  the  autumn  and  many  of 
them  are  killed  by  the  frosts  of  winter,  the  number  of  generations  depends 
entirely  upon  the  latitude,  altitude,  and  length  of  the  growing  season. 
In  northern  Indiana  during  the  season  of  191 2  Messrs.  Phillip^  and  Lugin- 
bill  recorded  six  generations  in  a  series  of  experiments  carried  on  from 
the  time  the  first  larvae  were  found  in  May  imtil  November. 

From  field  observations  and  generation  experiments  conducted  by  the 
junior  author  and  Mr.  E.  J.  Vosler  at  Salt  Lake  City,  Utah,  there  were 
fotmd  to  be  at  least  five  generations  from  August  i,  1911,  to  August  i, 
1 91 2.  The  generation  experiments  in  191 2  were  started  with  adults 
swept  from  the  fields  in  May,  assumed  to  have  issued  from  hibernating 
pupae.  The  first  generation  in  the  spring  is  rather  well  defined  and 
occupies  about  one  month.  As  the  seaspn  progresses,  the  generations 
so  overlap  that  all  stages  of  the  insect  can  be  found  in  the  fields  at  the 
same  time,  and  the  life  cycle  was  found  to  be  shortened  to  a  minimum 
of  18  days. 

During  the  latter  half  of  July  and  the  month  of  August  in  the  Salt  Lake 
Basin  it  was  noticed  that  the  injured  leaves  of  alfalfa  in  open  fields  were 
much  more  difficult  to  find  than  at  any  other  time  during  the  season. 
Moreover,  alfalfa  and  white  clover  found  growing  in  the  shade  were  more 
generally  infested  than  those  growing  in  the  open  field.  This  was  espe- 
cially noted  at  Laketown,  Utah,  August  4,  19119  where  a  severe  infesta- 
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tion  was  noticed  on  alfalfa  plants  growing  in  the  bottom  of  a  dry  irrigation 
ditch  where  the  vertical  banks  on  each  side  kept  the  plants  well  shaded. 
At  the  same  time  very  few  mined  leaves  cotdd  be  found  in  the  open  fields. 
There  was,  however,  no  interruption  to  the  generation  experiments  car- 
ried on  out  of  doors  and  in  the  shade  at  Salt  Lake  City,  the  adults  con- 
tinuing to  emerge  and  larvse  to  develop  during  this  time. 

Mr.  ^VUdermuth,  at  Tempe,  Ariz.,  during  the  season  of  191 2,  remarked 
the  almost  total  disappearance  of  all  stages  during  the  months  of  July 
and  August,  followed  by  their  reappearance  in  September.  He  recorded 
three  generations  from  the  last  of  April  to  the  last  week  in  June  and  two 
more  and  a  partial  third  generation  between  September  and  December 
of  the  same  year.  At  Tempe  adults  did  not  emerge  from  the  puparia 
in  the  generation  experiments  during  July  and  August. 


Fw.  S.--Diagnm  shcmiiic  the  range  in  temperature  througliout  the  year  at  three  widely  separated 
localities  at  which  observations  were  made  on  the  serpentine  leaf-miner. 

In  Arizona  this  disappearance  of  the  insect  apparently  takes  the  form 
of  a  period  of  aestivation  during  the  hot  weather  of  midsummer,  when 
the  temperature  in  the  open  fields  is  too  high  for  the  successful  propaga- 
tion of  the  species.  This  is  less  noticeable  in  the  cooler  alfalfa-growing 
valleys  farther  north,  where  the  summers  are  milder.  Its  presence  in 
Utah  alfalfa  fields  in  much  reduced  ntmibers  during  August  indicates  that 
an  attempt  at  aestivation  is  made  there,  but  over  a  period  of  much  shorter 
duration  than  is  found  farther  south,  in  Arizona. 

In  this  connection  we  here  present  (fig.  8)  curves  representing  the 
normal  mean  temperatures  recorded  by  the  United  States  Weather 
Bureau  at  Salt  Lake  City,  Utah,  and  Phoenix,  Ariz.  As  will  be  seen  by 
these  curves  the  normal  temperature  at  Phoenix,  Ariz.,  from  the  first  of 


Digitized  by 


Google 


74  Journal  of  Agricultural  Research  voli.ko.z 

June  until  early  September  exceeds  the  highest  mean  temperature  during 
the  summer  at  Salt  Lake  City,  Utah.  This  may  in  part  explain  the 
difference  in  habits  of  this  insect  at  the  two  localities  during  midsummer. 

INJURY  TO  FIELD  CROPS  OTHER  THAN  ALFALFA 
MINING  IN  LEAVES  OF  COWPEA 

This  leaf-miner  has  been  found  burrowing  in  the  leaves  of  the  cowpea 
in  widely  separated  localiti^  by  several  agents  of  the  Bureau  of  Ento- 
mology. 

Dr.  E.  G.  Titus,formerly  an  agent  of  the  bureau,  on  July  12, 1904,  found 
the  leaves  of  the  cowpea  at  Batesburg,  S.  C,  generally  attacked  by  leaf- 
mining  larvse,  most  of  which  had  already  escaped  from  the  mines.  He 
was  able  to  rear  two  adults  of  this  species  and  one  hymenopterous  para- 
site.  Messrs.  G.  G.  Ainslie  and  Philip  Luginbill  have  observed  mined 
leaves  at  Columbia,  S.  C,  the  former  in  July,  1908,  and  the  latter  in 
September,  191 2.  Mr.  Luginbill  also  reared  adults  and  parasites  of  this 
insect  from  their  mines  in  cowpea  leaves  on  the  plats  of  the  experiment 
station  at  Purdue  University,  La  Fayette,  Ind.,  in  connection  with  studies 
made  at  that  point  extending  from  July  6  to  August  7,  1911.  These 
miners  were  attended  by  great  numbers  of  parasitic  Hymenoptera,  Euthri- 
chopsis  agrotnyzae  Vier. 

The  junior  author  observed  larval  mines  in  cowpeas  at  several  pcunts 
in  Mississippi  during  August  and  September,  191 2,  but  in  every  case 
the  larvse  were  parasitized  or  had  escaped  from  the  end  of  the  mine 
through  a  slitlike  opening  and  gone  into  the  ground  for  transformation. 

Mr.  George  G.  Ainslie  observed  considerable  injury  to  the  cotyledons 
of  young  cowpeas  at  Lakeland,  Pla.,  May  8, 191 2,  there  being  from  2  to  12 
mines  in  each  cotyledon — enough  to  make  the  leaves  appear  sickly  and 
white.  As  many  as  10  puparia  were  secured  from  moderately  infested 
leaves.    The  larvae  left  the  mine  to  pupate.  . 

The  injury  to  cowpeas  is  seldom  severe,  because  of  the  larger  size  of 
the  leaf,  but  may  become  so  when  the  larvae  are  present  in  sufficient 
numbers  in  the  cotyledon  of  very  young  plants  before  there  is  sufficient 
foliage  to  withstand  their  attack. 

MINING   IN   LEAVES  OF  RAPE 

The  larvae  in  large  numbers  were  observed  by  Mr.  W.  J.  Phillips  to  be 
mining  in  rape  leaves  at  La  Fayette,  Ind.,  on  July  6,  1909,  and  from  the 
material  collected  adults  of  this  species  emerged  July  9.  Plate  V,  figure 
I,  shows  one  of  these  leaves  containing  several  larval  mines.  The  larvae 
were  observed  to  leave  the  mines  and  pupate  on  or  beneath  the  surface  of 
the  soil,  and  the  complete  life  cycle  was  found  to  be  passed  in  from  25 
to  28  days. 

More  extended  studies  were  made  of  this  species  as  infesting  rape  at 
La  Fayette,  Ind.,  during  the  season  of  1912  by  Messrs.  Phillips  and 
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Luginbill.  Mines  were  also  found  in  leaves  of  cabbage  on  May  9.  They 
were  first  noticed  in  the  leaves  of  rape  on  July  12,  about  the  time  the 
mines  were  noticed  in  this  plant  by  Mr.  Phillips  three  jrears  before.  A 
series  of  experiments  was  carried  on  from  May  until  November  with 
cabbage  and  rape  as  host  plants,  and  a  maximum  of  six  generations  was 
found  to  occur  in  that  latitude. 

Here  again,  as  is  the  case  wherever  these  mines  are  found,  a  very  large 
percentage  of  the  larvae  in  them  were  found  to  be  parasitized,  and  a  large 
ntunber  of  parasites  were  reared.  Oviposition  was  observed,  both  in  the 
field  and  in  confinement,  to  take  place  precisely  as  in  the  leaves  of  alfalfa. 
The  mines  usually  start  from  near  the  edge  of  the  leaf,  where  the  eggs  are 
deposited,  and  extend  part  way  around  the  leaf  on  the  upper  side,  being 
visible  only  from  above. 

The  extent  of  the  damage  to  the  crop  under  observation  was  not  severe 
and,  perhaps,  could  be  reduced  by  destroying  all  the  old  plants  at  the  end 
of  the  season  and  plowing  deeply  in  the  autumn  to  bury  the  hibernating 
pupae. 

Moreover,  since  cabbage  seems  to  be  a  favorite  food  plant  during  the 
^ring,  it  is  readily  seen  that  this  crop  should  not  be  succeeded  by  or 
planted  near  rape,  where  trouble  from  this  leaf-miner  is  anticipated. 

MINING  IN  LEAVES  OF  COTTON 

While  primarily  an  enemy  of  forage  crops,  this  miner  has  been  found 
feeding  in  leaves  of  cotton  in  the  Southern  States.  In  1906,  adults  were 
collected  in  cotton  fields  at  Cotulla,  Tex.,  by  the  late  Mr.  F.  C.  Pratt,  and 
a  year  later  taken  in  a  cotton  field  by  Mr.  E.  S.  Tucker,  of  the  Section  of 
Southern  Field-Crop  Insect  Investigations,  Bureau  of  Entomology.  Dur- 
ing the  summer  of  191 2,  adults  determined  as  this  species  were  reared 
from  cotton  leaves  at  Batesburg,  S.  C,  and  Dallas,  Tex.,  by  Mr.  E.  A. 
McGregor,  of  the  Section  of  Southern  Field-Crop  Insect  Investigations, 
and  by  Mr.  A.  Rutherford. 

The  mines  were  observed  at  Batesburg  by  Mr.  McGregor  from  the  time 
of  the  first  appearance  of  the  cotton  seedlings  until  July.  Table  I,  pre- 
pared by  him,  shows  the  percentage  of  infestation  which  existed  on  July 
12,  1912. 

Table  I. — Ir^estation  of  cotton  by  the  serpentine  leaf-miner  at  Batesburg,  S.  C,  July  12, 

1912, 


Pints  in  row. 

PlanU  in- 
fested. 

Percentage  of 
infestation. 

81 

156 

84 
136 

85 

'344 

^289 

»84 

>  Total 


>  Average. 
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Mr.  McGregor's  notes  are  as  follows: 

Data  have  not  been  accumulated  from  which  to  compute  the  percentage  of  leaves 
affected.  It  is  quite  evident,  however,  that  at  this  season  the  plants  outgrow  the 
infestation  and  the  rapidly  forming  leaves  tend  to  reduce  the  percentage  of  infested 
leaves.  This  phenomenon  easily  leads  to  the  erroneous  inference  that  the  pest  prefers 
the  seedling  leaves  and  becomes  less  troublesome  as  the  plants  develop.  On  the 
contrary,  later  on  in  the  season  freshly  formed  leaves  appear  to  be  just  as  desirable  to 
the  leaf-miner  as  did  the  seedling  leaves.  The  tortuous  courses  of  the  burrows  often, 
sever  the  main  veins  of  the  leaves,  causing  the  death  of  more  or  less  of  the  leaf,  which 
may  harbor  several  individuals. 

The  habits  of  the  leaf-miner,  as  observed  in  cotton  leaves  by  Mr. 
McGregor,  are  here  quoted: 

The  dttfation  of  the  larval  stage,  while  not  fully  established,  approximates  a  week. 
Feeding  takes  place  and  the  tunnel  is  formed  in  the  palisade  tissue  nearer  the  upper 
surface  *  *  *,  as  the  grub  increases  in  size  the  caliber  of  the  burrow  expands  until 
full  development  is  attained  at  its  cavernous  end,  when  the  larva  escapes  through  a 
valvelike  incision  and  pupates  in  the  soil.  In  the  laboratory  adults  issued  six  dajrs 
after  pupation. 

Three  hjmienopterous  parasites  were  reared  by  Mr.  Rutherford  from 
the  pupse  of  the  host. 

NATURAL  ENEMIES  OF  THE  SERPENTINE  LEAF-MINER 

Throughout  its  entire  area  of  distribution  this  insect  is  severely  para- 
sitized. Excessive  parasitism  was  noted  in  the  earliest  studies  of  the 
species  about  Washington,  D.  C,  and  the  senior  author  reared  numerous 
parasites  from  the  larvae  mining  in  the  leaves  of  white  clover  at  Oxford, 
Ind.,  in  1884.  In  connection  with  the  studies  made  during  the  last 
three  years  there  have  been  reared  at  least  28  species  of  hymenopterous 
parasites  from  the  mines  of  this  insect  in  the  foliage  of  alfalfa  and  other 
forage  crops  in  the  United  States.  At  times  these  minute  enemies  have 
become  so  numerous  as  to  render  even  a  careful  study  of  the  pest  itself  a 
matter  of  some  diflSculty.  But  for  their  presence  these  leaf -miners  would 
beyond  a  doubt  work  much  more  serious  ravages  in  the  alfalfa  fields  of 
the  West  than  they  do  at  present.  Indeed,  one  is  inclined  to  wonder 
what  the  actual  financial  effects  would  be  were  some  condition  to  arise 
suddenly  whereby  the  numbers  and  efficiency  of  these  natural  checks 
were  radically  diminished. 

The  first  generation  of  the  leaf-miner  to  appear  in  the  spring  is  not 
severely  parasitized,  and  from  larvse  and  puparia  collected  at  this  time 
numerous  flies  usually  emerge.  The  following  generation  is  more  severely 
parasitized,  and  thereafter  the  parasites  increase  rapidly,  infestation  becom- 
ing more  and  more  severe,  so  that  mined  alfalfa  leaves  collected  during 
the  summer  and  fall  will  usually  3deld  parasites  instead  of  adult  leaf- 
miners.  To  illustrate  this  point,  the  junior  author,  near  Salt  Lake  City» 
Utah,  on  September  16, 191 1,  selected  in  the  field  45  mined  alfalfa  leaves, 
43  of  which  contained  i  mine  each,  while  2  had  2  mines.    Of  the  47  mines. 
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3  contained  healthy  larvse  and  2  healthy  pups  of  Agiomyza,  while  the 
lematning  42  mines,  or  89.7  per  cent  of  those  examined,  contained  para- 
sites. Of  these  42  mines,  25  contained  parasitized  larvse,  14  parasitized 
pupe,  and  3  were  doubtful.  Of  the  25  parasitized  larvse,  20  carried  i, 
and  5  carried  2  external  parasites,  making  30  parasites  on  the  25  larvae 
of  the  kaf -miner;  these,  vrith  the  14  parasitized  pupse,  make  a  total  of 
44  individual  parasites  within  the  45  mined  leaves.  In  the  Salt  Lake 
Basin  from  June  to  October,  1911,  75  to  90  per  cent  of  the  mines  in 
alfalfa  leaves  were  found  to  be  parasitized. 

At  Sacaton,  Ariz.,  as  early  as  May  25,  1912,  Mr.  R.  N.  Wilson,  of  the 
Bureau  of  Entomology,  found  89  per  cent  of  the  insects  issuing  from 
mines  of  Agromyza  pusiUa  to  be  parasites,  while  from  material  collected 
there  in  June  and  July  parasites  alone  emerged. 

Mr.  Wldermuth,  at  Tempe,  Ariz.,  from  experiments  conducted  during 
the  season  of  191 2,  found  that  much  the  same  degrees  of  parasitism 
existed  in  that  locality;  and  while  no  record  was  kept  to  show  the  number 
of  parasites  found  in  occupied  mines.  Table  II  shows  the  number  of  adults 
and  parasites  which  issued  from  large  numbers  of  leaves  containing  Agro- 
myza larvse,  collected  in  the  field  and  kept  in  jars  in  the  laboratory. 

TablB  II. — Emergence  of  Agromyza  busilla  and  its  larval  parasites  in  Arizona  and 

California  in  IQI2, 


BatekttTCS 

were 

collected. 

Locality. 

Experiment 
No. 

Number  of 

Number  of 
parasites 
issued. 

Percentage 

of  parasites  to 

total  insecU 

issuing. 

May       8 
May      10 
May      14 
May      23 
May      31 
June     10 
Sept.    20 
Oct.        I 
Do 

Tempe,  Ariz 

I 
4 
6 
8 
9 

IC 

13 
14 

\l 

19 

ao 

21 

2 
4 
5 

c 

3 
0 

2 
3 
5 

1 

I 

I 

9 

30 

80 
33 
41 
68 

31 
40 
12 
22 

24 

12 

19 
12 
20 
16 
48 

IOC 

do 

do 

do 

do 

91 

100 

do 

do 

86 

do 

.   .do 

88 
80 

Oct.      14 
Oct.      18 

do 

do 

70 
92 

95 
64 
61 

Oct.      19 
Do . . 

do 

do 

Do.... 

do 

Nov.      2 

do 

Total 

76 

478 

86  2 

El  Centro,  Cal 

Apr.      18 
Apr.     20 
Apr.     22 

6 

4 

I 

18 

12 

8 

75 
75 
88 

Brawley ,  Cal 

Bard,  Cal 

As  will  be  noted  in  Table  II,  the  high  percentage  of  parasitism  falls 
off  rapidly  upon  the  approach  of  cool  weather,  thus  enabling  the  insect 
to  enter  hibernation  with  a  much  reduced  degree  of  parasitism.  At 
Lakeland,  Pla.,  where  no  hibernation  occurs,  Mr.  G.  G.  Ainslie  records 
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no  patasites  present  during  January,  191 3,  among  the  larvae  feeding  in 
cowpeas.  Prom  this  fact  it  naturally  follows  that  the  season  of  greatest 
injury  to  forage  crops  from  leaf-miners  will  be  during  a  period  of  pro- 
longed cool  weather,  when  the  temperature  will  naturally  be  unfavorable 
to  the  rapid  multiplication  of  the  parasites.  This  is  precisely  the  con- 
dition that  exists  where  there  are  destructive  outbreaks  of  the  green 
bug  (Toxoptera  graminum  Rond.)  as  then  the  native  parasites  are  unable 
to  keep  the  pest  in  check.  Of  the  life  history  of  most  of  the  parasites 
reared  in  connection  with  this  leaf -miner  comparatively  little  is  known. 
Diaulinus  begini  Ashm. — The  parasite  most  thoroughly  studied,  as 
well  as  the  most  abundant,  widely  distributed,  and  hence  most  important  in 

the  control  of  the  host 
is  a  small  chalddoid, 
Diaulinus  begini 
Ashm.  (fig.  9),thelarva 
of  which  feeds  exter- 
nally upon  the  body  of 
the  Agromyza  larva. 
This  parasite  has  been 
reared  from  mines  in 
leavesof  alfalfa, clover, 
cowpeas,  and  rape  in 
Indiana,  Kansas,  Ari- 
zona,    New    Mexico, 

Fio.  g.—Dioulmus  btffmi,  a  parmtite  of  the  serpentine  leaf-miner.    At  California,  Utah,  Wy- 
Uit,  hind  leg  cl  DmulmuswAsl4ri.    Greatly  enlarged.    (Original.)       Qmiug,  and    Idaho   by 

different  members  of  the  Bureau  of  Entomology  and  from  mines  of 
Agromyza  parvicornis  in  com  leaves  at  Salt  Lake  City,  Utah. 

The  junior  author  was  able  to  observe  all  stages  of  its  development  at 
Salt  Lake  City.  The  female  parasite  wanders  about  over  the  leaf  until 
she  locates  the  Agromyza  larva  in  its  mine  below;  then,  pushing  the  ovi- 
positor through  the  membranous  tissue  of  the  leaf  which  constitutes  the 
roof  of  the  mine,  she  places  the  egg  upon  the  body  of  the  host  larva. 
The  eggf  as  observed  upon  the  surface  of  the  host  larva,  is  smooth, 
translucent,  oblong,  but  rounded  about  equally  at  each  end,  and  is  about 
0.5  mm.  in  length.  The  egg  period  is  short,  probably  not  lasting  more 
than  one  or  two  days.  The  young  larva  feeds  externally  upon  the  body 
of  its  host,  which  dies  while  the  parasitic  larva  is  yet  very  young.  Often 
the  presence  of  the  parasitic  larva  can  not  be*  detected  on  the  body  of 
the  host  without  the  aid  of  a  microscope.  The  host  larva  is  invariably 
dead  whenever  one  of  these  larvae,  even  though  apparently  just  hatched, 
can  be  found  on  its  body.  Occasionally  two  larvae  feed  on  the  body  of 
a  single  host  larva,  and  in  one  case  both  parasitic  larvae  were  observed  to 
complete  their  transformations  and  emerge.  The  larval  period  is  seven 
days.    Figure  10  shows  the  full-grown  larva.     Pupation  takes  place 
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within  the  mines  of  the  host  and  usually  some  distance  away  from  the 
remains  of  its  victim.  Figure  ii  represents  the  pupa  of  this  species. 
The  pupal  period  is  seven  or  eight  days,  and  thus  the  life  cycle  of  the 
pataate  is  considerably  less  than  that  of  the  leaf -miner. 

DianUnnswebsteri  Cwfd.*  * — Diaulinus  websteri  (fig.  9,  a)  is  very  closely 
related  to  D.  begini  and,  like  the  latter,  it  feeds  externally  upon  the  larva 
of  its  host.  In  the  life-history  studies 
made  by  the  junior  author  at  Salt  Lake 
City,  its  habits  were  in  no  way  distinguish- 
abk  from  those  of  Diaulinus  begini,  the 
two  spedes  being  reared  together  from 


^issss^ 


Fio. 


10.— Larva    of    Diaulmus    U^mi. 
Greatly  enlarged.    (Original.) 


larvae  found  attached  to  the  same  host. 
DiaiUinus  wdfsieri  has  been  reared  from 
Agiomyzafrom  Kansas,  Utah,  Arizona,  and  California,  being  the  most 
abundant  parasite  reared  in  southern  California  and  Arizona.  Of  the 
two  species  of  Diaulinus  reared  by  Mr.  Wldermuth  at  Tempe,  Ariz.,  this 
species  onistituted  66  per  cent  of  the  material,  while  D.  begini  comprised 
34  per  cent.  Of  the  Diaulinus  reared  at  Salt  Lake  City  D.  websteri  com- 
prised only  18  per  cent,  while  82  per  cent  were  D.  begini. 

This  species  was  reared  from  mines  of  Agromyza  pusilla  in  hedge  mus- 
tard at  Wellington,  Kans.,  in  1912,  by  Mr.  E.  O.  G.  Kelly.    Mr.  C.  N. 
Absiie  reared  it  from  mines  of  Cerodontha  darsalis  Loew  in  timothy 
Itaves  at  Ely,  Nev.    It  is  also  an  enemy  of  Agromyza  parvicarnis  Loew. 
Chrjrtocharis  aintliei  Cwfd.'i'  and  C.  parksi  Cwfd.'i^— These  parasites 
(fig.  12)  are  very  important  in  the  control  of  Agromyza  pusilla 
in  the  West.    They  feed  internally  and  emerge  from  the 
puparia  of  the  host.    Their  life  history  is  imperfectly  known. 
Prom  hibernation  material  collected  at  Salt  Lake  City  during 
the  winter  of  1911-12  adults  emerged  from  April  18  to  20, 
which  was  34  days  before  Agromyza  pusilla  was  captured  in 
the  fields. 

From  studies  made  by  the  junior  author  at  Salt  Lake  City, 
Utah,  in  191 1  it  was  noticed  that  larvae  of  Agromyza  collected 
in  the  field,  which  pupated  under  observation  in  the  labora- 
tory, would  often  3rield  adults  of  Chrysocharis  exclusively  in- 
p»  oi  Diom-    stead  of  those  of  Agromyza.    Only  one  parasite  issues  from 
c^'j^   each  puparium  of  the  host,  and  dissections  made  of  the 
Urged,    puparia  often  revealed  this  to  be  entirely  occupied  by  the 
^"^^     larva  or  pupa  of  the  single  parasite,  which  had  entirely  con- 
Wttned  its  host.    But  in  some  instances  the  puparium  of  Agromyza  when 
dissected  revealed  two  embryo  parasitic  larvae  within  the  body  of  the 
host  larva.    As  only  one  adult  is  known  to  emerge  from  each  puparium 
of  the  host,  it  is  highly  probable  that  when  two  internal  parasitic  larvae 

*The  ipcdes  U  parasites  marked  with  asterisks  have  been  recently  described  in  the  Proceedings  of  the 
UaittdSUtcsNatkmalHiuaam,  ▼.  43.  p.  ztit3-z88  (19x3)  by  Mr.  J.  C.  Crawford.  AModate  Curator.  Dhrisioo 
«( Insects. 
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start  to  develop  in  one  host,  one  kills  and  consumes  the  other.  During 
September  in  the  Salt  Lake  Basin  88  per  cent  of  the  puparia  collected 
in  the  mined  leaves  of  alfalfa  yielded  adults  of  Chrysocharis,  and  the 
two  species  were  about  equally  represented.  Both  species  have  been 
collected  in  northern  and  central  Utah,  southern  Idaho,  the  Im|>erial 
Valley  of  California,  and  in  southern  Arizona.  C.  parksi  has  also  been 
reared  from  mined  alfalfa  leaves  collected  at  Redding,  Cal.,  in  the  Sacra- 
mento Valley.  It  was  also  reared  from  Agromyza  mines  in  leaves  of 
nasturtium  and  narrow-leaved  plantain  at  Salt  Lake  City. 

Derostenus  arizonensis  Cwfd. — ^This  parasite  of  the  larva  of  Agro- 
myza constitutes  a  new  species  and  is  apparently  confined  to  the  South- 
west. It  was  reared 
in  large  numbers  by 
Mr.  Wildermuth  from 
mined  alfalfa  leaves 
collected  in  the  Salt 
River  Valley  in  Ari- 
zona, where  it  com- 
prised 36  per  cent  of 
the  larval  parasites  so 
reared.  Three  speci- 
mens were  reared  by 
Mr.  Urbahns  from 
mined  alfalfa  leaves 

Fio.  la.-^Ckrysockans  Pwksi,  a  puasite  of  the  terpentine  leaf-miner.      COllcCtcd   at    El  Ccn- 
a.  Middle  and  hind  legt  of  Chrysocharis  amdiei.    Greatly  cnlarsed.      f  ^q    QqI 
(Original.)  a       •  '    t 

A  smgle  specimen 
obtained  from  the  large  number  of  parasites  reared  at  Salt  Lake  City, 
Utah,  was  reared  from  an  Agromyza  larva  in  a  leaf  of  fenugreek  (Trtgo^ 
nella  foenunv-graecum).  It  was  described  by  Mr.  J.  C.  Crawford  in  the 
Proceedings  of  the  United  States  National  Museum,  volume  45,  page 

3i5»  1913. 

Derostenus  diastatae  How. — ^This  species  has  been  reared  from 
mines  of  Agromyza  pusilla  in  cowpeas  at  La  Payette,  Ind.,  by  Mr.  Philip 
Luginbill.  In  the  Eastern  States  it  is  an  important  parasite  of  Agromyza 
parvicomis  and  A,  angulata.     It  has  not  been  recorded  west  of  Kansas. 

Derostenus  punctiyentris  Cwfd.* — ^This  insect  was  reared  from  puparia 
of  Agromyza  in  mines  in  leaves  of  alfalfa  at  Salt  Lake  City,  by  Mr.  C.  N. 
Ainslie,  and  by  the  junior  author,  from  alfalfa  and  white  clover  at  Salt 
Lake  City,  Utah,  and  L3^man,  Wyo.  It  was  reared  only  occasionally  and 
is  of  minor  importance  as  an  enemy  of  this  leaf-miner.  It  also  attacks 
Agromyza  parvicomis, 

Derostenus  pictipes  Cwfd.* — ^This  parasite  was  reared  from  mines  of 
Agromyza  pusilla  in  cowpeas  at  Columbia,  S.  C,  by  Mr.  G.  G.  Ainslie  in 
1908  and  at  La  Favette,  Ind.,  by  Mr.  Philip  Luginbill  in  191 1.     It  was 
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also  reared  by  Mr.  C.  N.  Ainslie  from  mines  of  A .  coquilletU  Malloch  in 
leaves  of  Hordeum  jubatum  collected  at  Fort  Collins,  Colo. 

Derostenus  varipes  Cwfd; — A  single  specimen  of  this  parasite  was 
reared  from  Agromyza  fmsUla  at  La  Fayette,  Ind.,  by  Mr.  Luginbill. 
Nothing  is  known  of  its  life  his- 
tory. It  is  a  new  species  and 
was  described  by  Mr.  Crawford 
in  the  Proceedings  of  the 
United  States  National  Mu- 
seum,  volume  45,  page  315, 

1913. 

Diaulinopsis  callichroma 
Cwfd.* — This  species  was 
reared  from  mines  in  leaves  of 
cowpea  at  La  Fayette,  Ind.,  by 
Mr.  Luginbill  and  from  alfalfa 
leaves  at  Tempe,  Ariz.,  by  Mr. 

Wildermuth.      Very  few  sped-    ^'*°*  n'-^Zagrammosoma  multUmeata,  ft  pftrasite  of  the  •er- 
-  V»  pentinc  leaf-xniner.    Greatly  enUrged.    (Original.) 

mens   were   secured,    and    it 

seems  of  little  importance  as  a  parasite  of  Agromyza  ptisiUa, 

Cirrospilus  flavoviridis  Cwfd. — Two  specimens  were  reared  from 
mines  in  alfalfa  leaves  at  Salt  Lake  City,  Utah,  by  Mr.  C.  N.  Ainslie,  who 
also  reared  it  from  mines  of  Cerodoniha  dorsalis  Loew  in  timothy  leaves 
at  Ely,  Nev.     It  is  also  recorded  as  a  parasite  of  Agromyza  parvicornis. 

It  was  described  by 
Mr.  Crawford  in  the 
Proceedings  of  the 
United  States  Na- 
tionalMuseum,  volume 

45»  page  3i7»  1913. 

Zagrammosoma 
multilineata  Ashm. — 
This  species  (fig.  13), 
described  in  1888,  has 
long  been  known  as  a 
parasite  of  a  lepidopn 
terous  leaf -miner  {LUhr 

Fic.   14. — Pl0un1fopis  rugosHhoraXt  a  parasite  of  the  serpentine  leaf-     oCoUttis      SD.^        f  rom 
miner.    GreaUy  enlarged.    (Original.)  .       *^*''* 

which  It  was  reared 
by  the  senior  author  in  Ohio  in  1893.  Only  three  specimens  were  reared 
from  Agromyza  pusiUa,  two  being  reared  at  Wellington,  Kans.,  by  the 
jtmior  author  in  191  o  and  one  by  Mr.  Luginbill  at  La  Fayette,  Ind. 

Closterocerus  utahensis  Cwfd.'f' — ^A  few  specimens  of  this  parasite 
were  reared  from  mined  alfalfa  leaves  at  Salt  Lake  Gty,  Utah,  by  Mr. 
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C.  N.  Ainslie  and  at  Tempe,  Ariz.,  by  Mr.  WUdermuth.     Nothing  is  known 

of  its  life  history.     It  is  also  recorded  as  a  parasite  of  A  ^row>'2a  parvicomis. 

Pleurotropis  rugosithoraz  Cwfd.* — This  species  (fig.  14)  was  reared 

sparingly  from  a  puparium  of  Agromyza  pusUla  by  both  Mr.  C.  N.  Ainslie 

and  the  junior  author  at  Salt  Lake  City,  Utah.     It  is  an  internal  parasite, 

having  been  reared  from  the  immature  stages  dissected  from  the  puparia 

of  the  host.     Only  one  parasite  issues  from  each  puparium  of  Agromyza. 

Eucoila  hunteri  Cwfd. — ^This  species  was  not  previously  known.     Two 

specimens  have  been  reared  from  puparia  of  Agromyza  pusiUa  by  Mr. 

.  Rutherford  at  Dallas,  Tex.    These  issued  16  and  17  days,  respectively, 

'ter  the  pupation  of  the  host. 

Sympiesis  sp.  (?) — One  specimen  of  this  species  was  reared  by  Mr. 
^elly  from  mines  in  alfalfa  leaves  at  Wellington,  Kans.,  in  191 2.  It  was 
so  reared  from  mines  in  com  leaves  at  the  same  locality  by  the  junior 
ithor  in  1909.  This  is  probably  a  new  species  and  is  not  confined  to 
le  host. 

MISCELLANEOUS  UNDETERMINED  PARAStTES 

The  following  miscellaneous  Hymenoptera  belonging  to  the  super- 
tmily  Chalddoidea  *  were  reared  from  mines  of  Agromyza  pusilla,  the 
)ecies  being  yet  undetermined  and  their  life  history  imknown. 

Pteromalus  sp. — (a)  One  specimen  bearing  Webster  No.  6639  and 
ared  from  mines  in  alfalfa  leaves  at  Salt  Lake  City,  Utah. 

(b)  Three  specimens  bearing  Webster  No.  7492  and  reared  at  the 
»regoing  locality  from  mined  leaves  of  white  clover. 

(c)  Two  specimens  bearing  Webster  No.  7215  and  reared  at  Tempe, 
riz.,  from  mines  in  alfalfa  leaves. 

Cirrospilus  sp. — One  specimen  reared  from  mines  in  alfalfa  at  Tempe, 
riz.,  and  bearing  Webster  No.  7215. 

Diaulinopsis  sp. — ^Two  specimens  reared  from  mines  in  leaves  of  cowpea 
id  bearing  Webster  No.  6395. 

Entedonin8B. — One  specimen  from  mined  alfalfa  leaves  reared  at  Salt 
ake  City,  Utah,  and  bearing  Webster  No.  6639. 

BRACONID  PARASITES 

The  following  species  of  parasites  belonging  to  the  family  Braconidse 
ere  reared  from  Agromyza  pusilla  in  accordance  with  the  data  given 
elow.' 

Opius  agromyzae  Vier. — La  Fayette,  Ind.  (W.  J.  Phillips),  Nos.  5170 
nd  6395. 

Opius  aridus  Gahan. — Tempe,  Ariz.,  May,  1912  (V.  L.  Wildermuth), 
o.  7215. 

Opius  brunneipes  Gahan. — Lakeland,  Fla.  (G.  G.  Ainslie),  No.  9489. 

Opius  suturalis  Gahan. — ^Tempe,  Ariz.,  May,  1912  (V.  L.  Wilder- 
luth).  No.  7215. 

1  Spedmens  determined  to  genus  or  subfamily  by  Mr.  J.  C.  Crawford. 
-  '  The  determinations  are  by  Mr.  A.  B.  Gahan. 
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PREDACEOUS  ENEMIES  OF  THE  SERPENTINE  LEAF-MINER 

Very  few  predaceous  species  are  known  to  feed  upon  the  serpentine 
leaf-miner.  This  is  largely  due  to  the  fact  that  the  larvae  feed  well  con- 
cealed within  the  leaf  tissue  and  are  thus  not  open  prey.  The  following 
predatory  insects  are  known  to  feed  on  some  stage  of  the  leaf -miner: 

Triptdeps  sp. — ^These  adults  are  recorded  by  Mr.  E.  G.  Smyth,  recently 
of  the  Bureau  of  Entomology,  at  Tempe,  Ariz.,  to  pierce  with  their 
beaks  ^e  Agromyza  larvae  in  their  burrows. 

Erythraeus  sp. — These  red  mites  are  recorded  by  Mr.  Wlldermuth  at 
Tempe,  Ariz.,  to  attack  and  kill  the  Agromyza  larvae  in  their  tunnels. 
Mr.  Nathan  Banks  determines  this  as  probably  a  new  species. 

REMEDIAL  AND  PREVENTIVE  MEASURES 

The  excessive  parasitism  under  which  this  species  exists  has  so  far  pre- 
vented it  from  becoming  destructively  abundant  or  doing  any  widespread 
serious  injury.  In  case  through  any  cause  it  should  become  more  injuri- 
ous to  alfalfa,  doubtless  cutting  the  crop  for  hay  at  once  as  soon  as  the 
depredations  were  observed  would  prevent  a  recurrence.  Its  greater 
abundance  along  ditches,  roadsides,  and  other  neglected  places  indicates 
that  frequent  cutting  of  the  alfalfa  acts  as  a  permanent  check  upon  the 
increase  of  the  insect.  East  of  the  arid  r^ons  deep  fall  plowing  would 
bury  the  pupae  so  deep  in  the  ground  as  to  put  them  beyond  the  possibility 
of  emerging  as  adults.  This  is  especially  recommended  for  the  annuals, 
such  as  cowpeas  and  rape.  Throughout  the  remaining  western  country 
keeping  down  volunteer  growth  along  ditch  banks  and  in  waste  lands 
would  greatly  diminish  the  number  of  pupae  which  yearly  enter  hiberna- 
tion. Of  course,  pasturing  either  clover  or  alfalfa  would  destroy  all, 
larvae  mining  in  the  leaves  eaten  off  by  the  grazing. 

OTHER  SPECIES  OF  THE  GENUS  AGROMYZA  LIKELY  TO  BE  MIS- 
TAKEN FOR  THE  SERPENTINE  LEAF-MINER 

The  species  of  Agromyza  are  for  the  most  part  very  similar  to  one 
another  in  appearance.  As  a  consequence  there  has  been  much  con- 
fusion in  their  proper  classification,  and  as  a  further  result  of  this  con- 
fusion articles  have  been  published  relating  to  one  species  which  in  the 
light  of  our  present  knowledge  clearly  belong  to  another.  It  is  with  the 
hope  of  preventing  further  errors  of  this  nature  that  the  following  species 
of  Agromyza — the  first  of  which  has  in  the  last  year  or  two  been  confused 
with  the  serpentine  leaf -miner — are  briefly  treated  in  this  paper: 

Agromyza  an^lata  Loew.— This  leaf-miner  (fig.  15)  attacks  leaves  of  timothy, 
mining  between  the  membranes  in  the  same  manner  as  the  serpentine  leaf-miner. 

It  was  reared  from  puparia  (fig.  16)  in  leaves  of  timothy  fotmd  July  4,  18951  °^^ 
Bladensbuig  Road,  D.  C,  by  Mr.  Theo.  Pergande. 
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During  July,  1912,  Mr.  Philip  Luginbill  at  La  Fayette,  Ind.,  reared  these  adults 
from  mines  in  leaves  of  volunteer  timothy  growing  in  protected  places  and  was  able 
to  secure  all  stages  of  the  insect. 
The  eggs  are  deposited  in  the  cellular  tissue  just  above  the  epidermis  on  the  ventral 

side  of  the  leaf,  and  in 
ptmctures  similar  to 
those  made  by  Agromyza 
pusilla  and  A.  parvicof' 
nis. 

The  egg  stage  is  fourto 
five  days. 

The  larvae  feed  in  one 
leaf  until  mature  and 
pupate  in  the  mine .  The 
larval  period  is  8  to  10 
days,  the  pupal  period, 
13  days.  This  makes  a 
total  of  27  days  elapsing 

Twa.ts.-AgromjmaoH^Uata.    Gfcady  enbused.    (Origln«l.)  from  egg  to  adult. 

.  Mr.  Luginbill  and  Mr. 
Phillips  were  also  able  to  transfer  these  miners  from  timothy  to  wheat,  rearing  one 
generation  from  wheat,  using  as  parents  flies  reared  from  timothy  mines. 

The  number  of  generations  is  not  known.  The  following  species  of  parasites  were 
reared  by  Mr.  Luginbill  in  connection  with  his  studies  in  Indiana: 

Polycystus  foersteri  Cwfd.;  Derostenus  diastatae  How.;  DerosUnus  agtomytag  Cwfd.; 
PUufotropis  rugosithorax  Cwfd.;  Entedon  thotnsoni  Cwfd.;  Notanisomorpka  ainsUd 
Cwfd. 

A  single  specimen  was  collected  at  Plummers  Island,  Md.,  July  28, 1912,  by  Mr.  H. 
L.  Viereck,  and  specimens  collected  at  Niagara  Falls,  N.  Y.,  and  Aubumdale,  Mass., 

are  present  in  the  private  collection  of  Mr.  C.  W.  John- 
son, curator  of  the  Boston  Society  of  Natural  History. 
The  species  has  never  become  sufficiently  abundant  to 
attract  attention. 

A^myza  coquilletti  Malloch.— This  species  (fig.  17) 
was  reared  from  a  puparium  found  among  the  basal 
leaves  of  volunteer  wheat  at  Bucklin,  Kans.,  November 
6,  1909,  by  Mr.  C.  N.  Ainslie.  It  was  also  reared  at 
Fort  Collins,  Colo.,  by  Mr.  Ainslie  from  a  larva  mining 
&to'«  a  leaf  of  oats,  June  30,  19 10. 

From  three  larvae  mining  leaves  of  Hordeum  jubaium  ^ 
in  the  same  locality  on  July  16,  1910,  one  adult  of  this 
species  and  seven  hymenopterous  parasites  were  reared. 
Fio.  x6.— Puparium  of  Agromyza    These  were  determined  by  Mr.  J.  C.  Crawford  as  Dera- 
angulcia,  with  late«l  view  <rf     stenus  pictipes  Cwid. 

anal  appendages  at  left.    Greatly         ^       '^      '^  ,  ,        .    .         ,  -      - 

enlarged.  (Original.)  Larvae  were  observed  mining  leaves  of  wheat  at 

Roosevelt,  Utah,  June  25,  1912,  by  Mr.  C.  N.  Ainslie, 
but  from  this  material  only  parasites  of  the  genus  Pteromalus  issued. 

One  specimen  was  reared  from  a  blade  of  wheat  at  La. Fayette,  Ind.,  July  2,  191a, 
by  Mr.  Philip  Luginbill,  and  the  jtmior  author  reared  one  adult  of  this  species  from  a 
larva  mining  a  leaf  of  oats  taken  at  Shoshone,  Idaho,  July  17,  1912. 

1  In  this  ooonection  we  note  that  Mr.  Ainslie  reared  from  various-shaped  mines  in  Hordeum  collected  at 
Myton,  Utah,  June  37,  zgza,  two  flies  determined  by  Mr.  Walton,  of  the  Bureau  of  Entomology,  as  HydrMia 
sca^ularis  hotw.  So  far  as  can  be  ascertained,  this  is  the  first  instance  of  the  rearing  of  this  species  and  the 
first  report  that  it  afFects  vegetation. 
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Three  specimens  have  been  swept  from  growing  wheat  at  Manhattan,  K 
Mr.  C.  N.  Ainslie  and  one  specimen  from  wheat  at  Lincoln,  Nebr.,  by  Mr. 
Reeves,  of  the  Bureau  of  Entomology. 

The  following  localities  are  represented  in  the  collection  of  Mr.  C.  W.  J 
Twin  Rock,  Pa.  (Johnson);  Nantucket,  Mass.  (J.  A.  Cushman);  Norwich,  Vl 
son);  Hanover,  N.  H.  (Johnson). 

The  species  has  never  become  a  serious  enemy  of  wheat  or  oats. 

A^ramyza  virens  Loew. — ^This  species  was  reared  from  larvae  taken  in  root 
white  clover  at  La  Fayette,  Ind. ,  by  the  senior  author  in  August,  1886.  The 
were  found  singly  in 
the  stem,  sometimes 
just  under  the  epider- 
mis, and  sometimes  in 
the  center.  In  either 
case  parallel  channels 
were  excavated,  the 
larve  working  from  the 
point  where  the  stem 
originated.  These  flies 
were  determined  ten- 
tatively as  Oscinis  sp., 
and  a  report^  of  the 
rearing  describing  the 
larva  and  pupa  was 
published  at  that  time.  On  October  19, 1898,  these  flies  were  reared  from  \xn 
in  the  pith  of  the  garden  sunflower  (Heliantkus  annuus)  at  Wooster,  Ohio. 

Mr.  Theo.  Pergande  reared  adults  of  this  species  from  stems  of  Mulgedium  a 
imm  collected  by  the  senior  author  at  La  Fayette,  Ind.,  in  November,  1885. 
undetermined  hymenopterous  parasites  were  reared  from  this  material.  Th 
No.  3640.  Mr.  Pergande  also  reared  one  adult  miner  on  April  18, 1883 ,  from  st 
weed  collected  by  Mr.  Albert  Koebele  at  Holdemess,  N.  H.,  in  October,  i{ 
containing  at  that  time  mostly  pupae .  He  also  reared  an  adult  from  a  stem  of  /I 
artemisia^olia  (ragweed)  received  January  6,  1890,  from  A.  M.  Sharp  at  Gla 
Iowa. 

It  has  also  been  reared  from  heads  of  Rudbeckia  sp.  at  Dallas,  Tex. 

There  are  in  the  collection  of  the  United  States  National  Musetun  two  sp 
bom  Cambridge,  Mass.,  marked  "mining  in  stems  of  weed"  (H.  G.  Hubbai 
"from  stems  of  Ambrosia,"  March,  1895,  District  of  Columbia;  one  "from 
aOms/*  May  14,  1883;  two  from  California  (Alameda  and  Los  Angeles)  coUe 
Mr.  Coquillett;  one  from  Flagstaff,  Ariz.  (H.  S.  Barber);  thirteen  from  ' 
Canada  (William  Brodie),  one  from  Plummers  Island,  Md.,  and  four  from  Was! 
D.  C,  collected  by  Mr.  W.  L.  McAtee. 

Agromyza  melan^ga  Loew,  var.  marginalifi  Malloch.— Three  adults  wen 
from  larvae  mining  in  leaves  of  grass  (Paspalum  dilatatum)  by  Mr.  Philip  Lugi 
Columbia,  S.  C,  October  4,  1912. 

SUMMARY 

The  serpentine  leaf-miner  is  the  larva  of  a  minute  yellow  and 
fly  which  is  common  in  alfalfalields  during  the  summer. 

It  is  generally  distributed  over  the  United  States,  having  a  wide 
of  food  plants. 

1  Riley,  C  V.    The  dover^tem  maggot  iOscmU  sp.).    U.  S.  Comr.  Agr.  Ri>t.  x886,  p.  58a, 
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The  larvae  injure  the  foliage  of  the  plant  by  burrowing  between  the 
membranes  of  the  leaf  and  devouring  the  parench3mia. 

The  injury  takes  the  form  of  a  serpentine  "mine"  which  encircles  the 
leaf,  gradually  widening  as  the  larva  increases  in  size. 

Leaves  of  white  clover  and  frequently  of  young  alfalfa  often  have  the 
entire  cellular  tissue  devoured,  leaving  only  the  two  membranes. 

There  is  usually  only  one  larva  present  in  each  leaf. 

The  injury  from  this  insect  is  greatest  in  the  Southwest,  where  the  dis- 
colored leaves,  which  in  severe  cases  become  brown,  are  sometimes  present 
in  sufficient  numbers  to  lower  the  quality  and  grade  of  the  hay. 

The  injured  leaves  can  be  found  in  the  fields  from  May  until  Novem- 
ber, the  larvae  continuing  to  feed  until  killed  by  frosts.  In  Florida  the 
larvae  continue  feeding  throughout  the  winter. 

The  insect  hibernates  in  the  puparia  beneath  the  surface  of  the  soil  at; 
the  base  of  the  plants. 

•  There  are  five  or  six  generations  in  latitude  41®,  the  number  varjring 
with  the  length  of  the  growing  season. 

The  generations  overlap  to  such  an  extent  that  all  stages  can  be  found 
in  the  fields  during  most  of  the  season. 

During  the  period  of  highest  temperature  in  summer  the  larvae  are 
found  usually  infesting  plants  protected  from  the  direct  rays  of  the  sun. 
During  this  period  in  the  arid  Southwest  the  insect  almost  completely 
disappears  from  the  fields,  reappearing  in  September. 

The  eggs  are  deposited  in  the  leaf  tissue  and  inserted  in  punctures 
identical  with  those  made  by  the  adult  in  feeding.  The  egg  stage  during 
June  is  4  days. 

The  larvae  feed  continuously  day  and  night  and  confine  their  work  to 
a  single  leaf.    The  larval  period  during  June  is  4  days. 

In  the  Eastern  States  pupation  occurs  entirely  in  the  soil.  It  takes 
place  commonly  in  the  larval  chambers  in  the  leaf  in  the  arid  Western 
States.    The  pupal  period  during  June  is  10  days. 

The  average  period  of  the  complete  life  cycle  is  23  days.  ' 

Besides  alfalfa  the  following  field  crops  are  subject  to  attack:  Clover, 
cowpeas,  rape,  and  cotton. 

A  few  nearly  related  and  very  similar  leaf -miners  are  known  to  attack 
timothy,  wheat,  oats,  and  grasses.  When  these  crops  are  affected,  the 
mine  usually  extends  the  entire  width  of  the  leaf,  and  may  kill  the  plant 
if  it  is  very  young. 

Numerous  parasitic  insects  attack  and  consume  the  larvae  and  pupae 
within  their  mines.  These  are  highly  efficient  and  serve  to  keep  the 
insect  in  control. 

The  efficiency  of  the  parasites  decreases  upon  the  approach  of  cool 
weather. 

Many  of  these  parasites  are  functional  in  the  control  of  more  than  one 
species  of  leaf-miner,  and  are  very  widely  distributed. 
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Frequent  cutting  of  alfalfa  kills  the  larvae  in  the  leaves  and  does  much 
to  protect  this  crop.  This  method'  should  be  followed  where  the  injury 
becomes  serious. 

Deep  fall  or  winter  plowing  is  advocated  for  annual  forage  crops  and 
cereals  in  order  to  bury  deeply  the  hibernating  pyparia  located  near  the 
surface  of  the  ground. 
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DESCRIPTION  OF  PLATE 

s  of  different  species,  showing  the  work  of  the  8eq>entine  leaf-miner 
silla).  Pig.  I. — Mines  in  a  leaf  of  rape.  Fig.  a. — Mines  in  lea^ves 
er.    Fig.  3. — Mines  in  leaves  of  alfalfa.    (All  nearly  natural  size. 
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[iTHE  OCCURRENCE  OF  A  COTTON  BOLL  WEEVIL  IN 

ARIZONA 

By  W.  DWIOHT  PiBRCB, 

Agtnt  and  Expert,  Iwu^Hgations  of  Insects  Affecting  Southern  Field  Crops, 

Bureau  of  Entomology 

The  prdiminary  announcement  by  Mr.  O.  F.  Cook,  of  the  Bureau  of 
lit  Industry,  in  February,  1913,  of  the  occurrence  in  Arizona  of  a 
resembling  the  Mexican  cotton  boll  weevil,  appears  at  this  time 
have  been  an  announcement  of  considerable  importance.  In  com- 
By  with  Mr.  Harold  Bell  Wright,  Mr.  Cook  found  this  weevil  breeding 
:  bolls  of  a  wild  shrub  known  as  Thurberia  ihespesioides  in  Ventana 
1,  Santa  Catalina  Motmtains,  Arizona. 
In  May  the  writer  obtained  a  large  quantity  of  bolls  of  Thurberia  from 
W.  B.  McCleary,  of  the  Bureau  of  Plant  Industry,  who  collected 
in  the  lower  part  of  Stone  Cabin  Canyon,  Santa  Rita  Mountains, 
This  material  was  very  heavily  infested  by  the  weevil. 
August  Dr.  A.  W.  Morrill,  State  Entomologist  of  Arizona, 
ether  with  the  writer,  located  this  weevil  in  Ventana  Canyon,  Santa 
Mountains,  and  in  Sawmill  Canyon,  Santa  Rita  Mountains, 
:  ccmunonly  upon  the  same  plant. 
A  dose  examination  of  the  material  received  early  in  the  year  disclosed 
minor  points  of  difference  from  the  usual  form  of  the  cotton  boll 
AnAonomus  grandis  Boheman.  The  Arizona  form  averages 
ly  larger  and  is  a  little  more  robust.  The  punctation  of  the  male 
is  a  little  more  pronounced,  and  the  sculpturing  throughout  is 
btly  stronger  than  in  the  Texas  form.  The  scaly  vestiture  approaches 
en  color,  while  in  the  Texas  form  it  is  usually  gra3dsh.  The  sides 
the  prathorax  in  front  are  rarely  emarginate,  while  the  emargination 
iHy  very  noticeable  in  the  Texas  form.  Minor  differences  also 
•  in  the  shape  of  the  teeth  on  the  legs.  All  in  all,  the  adults  of  the 
weevil  present  an  assemblage  of  characters  differing  from  the 
form  sufficient  to  suggest  a  new  species. 


id  Asrkultanl  RflMarcfa. 
:.fllAcrkiiltttfe,  WashmgtoD.  D.  C. 
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In  addition  to  these  differences  in  characters,  specimens  of  the  Arizona 
form  were  found  in  hibernation  in  their  cells  tmtil  September  i,  while 
the  eastern  form  is  never  found  in  its  cells  in  cotton  bolls  after  March  15. 
The  Arizona  insect  seems  to  be  confined  to  one,  or  not  more  than  two, 
atmual  generations,  while  the  cotton  boll  weevil  has  many  generations. 
The  former  lives  on  Thurberia,  the  latter  on  Gossypium.  The  Arizona 
weevil  was  found  at  4,000  feet  altitude,  while  the  Texas  weevil  has  never 
been  found  above  2,000  feet  altitude.  The  two  forms  are  geographi- 
cally isolated  by  mountain  divides.  When  the  Arizona  weevil  was  seen 
in  the  field,  it  displayed  a  tendency  to  oviposit  at  a  different  place  and 
to  seal  its  egg  puncture  differently;  the  egg  itself  was  of  a  slightly 
different  shape. 

The  Mexican  cotton  boll  weevil  has  never  been  known  before  this  year 
to  feed  readily  or  breed  in  any  other  plant,  although  suspected  of  being 
capable  of  adapting  itself  to  other  foods  if  forced  to  it.  When  oppor- 
tunity was  given  the  Texas  boll  weevil  to  attack  Thurberia  squares  and 
'bolls,  it  fed  readily  and  eagerly,  sometimes  displaying  a  preference  for 
Thurberia  over  cotton  when  both  were  available.  The  Thurberia-feeding 
weevil,  on  the  other  hand,  was  able  to  feed  upon  and  breed  in  cotton 
squares. 

Mr.  B.  R.  Coad,  of  the  Bureau  of  Entomology,  has  succeeded  in  rear- 
ing undoubted  crosses  between  the  two  varieties  from  females  of  each 
form,  although  these  hybrid  offspring  were  somewhat  undersized. 

It  will  be  seen  from  further  evidence  in  this  paper  that  the  two  forms 
must  represent  merely  two  subspecies,  or  varieties,  or  geographic  races  of 
a  single  species.  The  Arizona  form  is  therefore  to  be  known  as  Anthono- 
mus  grandis  thurberiae,  new  variety.  Its  technical  description  is  as  fol- 
lows: 

Anthonomisa  grandis  thurberitey  n.  var. — Stout,  subovate,  rufo-piceous,  and 
clothed  with  ooarse,  pale-yellowish  pubescence.  Beak  long,  slender,  shining,  and 
sparsely  pubescent  at  the  base;  striate  from  base  to  the  middle,  striae  rather  coarsely 
pimctuied;  apical  half  finely  and  remotely  pimctured.  Antennae  slender,  seoond 
joint  of  fimicle  longer  than  the  third;  joints  3  to  7  equal  in  length  but  becoming  gradu- 
ally wider.  Head  conical,  pubescent,  coarsely  but  remotely  punctured,  front  foveate. 
Eyes  moderately  convex,  posterior  maigin  not  free.  Prothorax  one-half  wider  than 
kmg;  base  feebly  bisinuate,  posterior  angles  rectangular;  sides  almost  straight  from 
base  to  middle,  strongly  rounded  in  front;  apex  slightly  constricted  and  transversely 
impressed  behind  the  anterior  maigin;  surface  moderately  convex,  densely  and  sub- 
confluently  ptmctured;  punctures  irregular  in  size,  coarser  about  the  sides;  pubescence 
more  dense  along  the  median  line  and  on  the  sides.  Elytra  obkmg,  scarcely  wider 
at  the  base  than  the  prothorax;  sides  robust  to  subparallel  for  two-thirds  of  their  length, 
thence  gradually  narrowed  to  and  separately  rounded  at  the  apex,  leaving  the 
pygiditmi  moderately  exposed;  striae  deep,  punctures  large  and  approximate;  inter- 
stices convex,  rugulose,  pubescence  somewhat  condensed  in  spots.  Legs  rather  stout, 
femora  clavate,  anterior  strongly  bidentate,  inner  tooth  kmg  and  strong,  outer  one 
acutely  triangular  and  connected  with  the  former  at  the  base;  middle  femora  with 
small  second  tooth  and  posterior  femora  unidentate.  Tibiae  moderately  stout,  anterior 
bisinuate  internally,  posterior  straight;  tand  moderate,  claws  brcMd,  blackish,  and 
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rather  widely  separate;  tooth  almost  as  long  as  claw.    Length,  5  to  5.5  mm.  (0.20  to 
o-aa  inch). 

This  variety  differs  from  Antkanomus  grandis  on  cotton  by  its  greater  robustness 
(PI.  VI);  the  more  golden  appearance  of  the  scales;  the  slighter  constriction  of  the 
pcothorax  (figs,  i  and  3);  its  stouter  and  more  coarsely  sculptured  beak  (figs.  3  and  4); 
its  slightly  more  compact  antennae  (figs.  5  and  6),  with  funide  of  a  lighter  color  than 
the  club;  its  stouter  legs,  with  a  distinct  second  tooth  on  the  middle  femora  (figs. 
7asid8);  the  wing  (fig.  9),  which  shows  aslightly  more  distinct  spot.  It  also  differs  in  its 
food  plant  {Tkufheria  thespesiaides),  its  altitude  (4,000  feet  upward),  its  bleeding 
season  (August  15  to  November),  and  in  certain  physiological  and  biological  char- 
acters.   The  most  obvious  diagnostic  characters  are  as  follows: 


Antcnnal  fankle  ol  a  disdnctly  Us^ter  color  tban 
Cbe  dnb;  pmiftatinn  of  etirtnl  stdae  stnxigly  and 
dnrly  defined;  prothorax  tisiiaUy  very  feebly  coo- 
flftricted  and  not  emarimateor  bat  very  slightly  to; 
dytia  often  robnat;  vcstiture  of  ochreoas  scales 
hitniniiwl  with  black  hairs;  breeds  in  TkitrbeHa 
tkuPtsMits:  ruigc,  abore  aKitode  of  4,000  feet. 


Antwmal  funide  and  dub  oncolofoos;  panct»- 
tkn  of  dytral  striae  not  dearly  defined  fnun  the 
strise;  ptothorax  stroncly  constricted  at  apex  and 
usually  emarsinatc  in  front;  sides  d  elytra  usually 
paialkl;  vestitnre  of  grayish  to  ochreous  scales  ij»- 
tennxxed  with  very  inconspicuous  grayish  to  very 
dark-brown  hairs;  hntda  bxGassyphtm  spp.; 
below  altitude  of  a.ooo  feet 


Tto.  X. — AniAoHomus  grandis,  var.  ikur- 
ktrioM:  Prothorax.  Mudi  enlarged. 
(OrigtnaL) 


Pig.  ».— Antkanomus  grandis  Boh.:  Pro- 
thorax.    Mttdi  enlarged.    (OriginaL) 


HxBBRNATiON. — It  Is  not  knowu  whether  Anikouomus  grandis  ihurberiae  hibernates 
as  an  adult  outside  of  its  cell,  but  it  is  Imown  positively  that  many  individuals  pass 
the  winter  and  even  the  summer  in  the  cells  formed  during  the  preceding  fall.  In 
May,  19x3,  fiom  the  material  sent  by  Mr.  McCleary,  the  writer  found  18  live  adults  in 
thar  cells  in  an  examination  of  743  bolls,  220  of  which  were  infested.  On  August  27 
Br.  Morrill  found  six  live  boll  weevils  still  in  their  last  year's  cells  at  about  4,500  feet 
altitude  in  Sawmill  Canyon,  Santa  Rita  Mountains,  and  on  August  30  the  writer 
found  another  live  weevil  in  its  cell  in  Ventana  Canyon,  Santa  Catalina  Mountains. 

As  further  evidence  of  the  prolonged  rest  of  this  variety,  no  immature  stages  were 
found,  beyond  a  one-fifth  grown  larva  in  squares.  The  extreme  lateness  of  the  plants 
in  the  canyons  where  the  boll  weevil  was  found  indicated  that  the  weevils  could  not 
have  had  buds  on  which  to  feed  for  much  more  than  two  weeks  in  August.  Plants 
grown  from  seed  at  Victoria,  Tex.,  and  Tallulah,  La.,  did  not  begin  to  pioduce  buds 
imtil  well  akmg  in  August.  The' natural  dormant  period  of  the  Arizona  boll  weevil 
therefoce  lasts  about  nine  months. 

It  is  interesting  to  note  that  the  Thurberia  weevils  extracted  from  their  cells  in  May 
and  sent  to  ^ctoria,  Tex.,  immediately  began  to  feed  and  breed  upon  cotton  and  pro- 
duced several  generations. 
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FiO.  3. — Antkonomus  ffrandis,  var.  tkurbtriae:  Head  and  beak: 
A,  Pemak;  B,  mak.    Much  enlarged.    (Original.) 


The  Arinuu  fomi  has  either  acquired  by  long  yeats  of  adversity  an  ability  to  sur- 
▼ive  for  a  longer  period  without  food,  assuming  Antkonomus  grandis  Boh.  to  be  the 
original  q)ecies;  or  if  the  Thurberia  weevil  is  the  true  original  form,  then  the  ability 
to  obtain  a  plentiful  supply  of  eariy  food  has  caused  the  species  to  lose  some  of  its 
tesistance  to  adversity. 
PSSDINO. — ^The  adults  feed  upon  the  squares  and  bolls  in  much  the  same  manner  as 

the  typical  Antkonomus  grandis. 

FmoNiNO  DBATH.— The  adults 
are  not  quite  so  easily  disturbed  as 
those  of  the  cotton-feeding  form, 
but  when  disturbed  they  feign 
death  and  drop  to  the  ground  or  fly 
away. 

OviPOSinoN. — On  the  first  day 
that  any  adults  were  seen,  August 
25,  in  the  Santa  Rita  Mountains, 
the  males  were  the  most  abtmdant 
and  usually  were  not  feeding,  but 
were  perched  on  the  tips  of  squares 
or  on  the  foliage  in  an  attentive 
attitude,  evidently  waiting  for 
females. 

The  egg  puncture  is  almost  always  made  at  the  base  of  the  square,  and  the  hole  is 
sealed  by  a  gelatinous  scale  exuded  by  the  plant,  over  which  there  b  often  a  small 
mass  of  excrement.  On  removal  of  this  scale  the  egg  can  often  be  seen.  A  majority 
of  the  eggs  seen  were  twice  as  long  as  broad,  and  only  one  was  of  the  same  proportions 
as  usually  found  in  Antkonomus  grandis.  In  the  bolls  the  position^  the  egg  punc- 
ture is  more  general. 

DsvBLOPMBNT. — ^The  developmental  period  of  the  Arizona  weevil  on  its  native  host 
has  not  been  studied,  but  it  has 
been  watched  by  Mr.  Coad  at  Vic- 
toria, Tex., on  cotton.  Theperiod 
is  practically  the  same  as  for 
Texas  weevils,  beginning  on  the 
same  day:  In  June,  16  days;  in 
July,  12.5  da)^;  in  September, 
17.2  days.  The  period  in  bolls 
in  September  is  naturally  longer, 
and  no  specimens  had  been  car- 
ried completely  through  at  the 
time  of  writing  this  article. 

The  most  interesting  point  in 
the  Victoria  work  lies  in  the  fact 
that  in  June,  when  this  boll 
weevil  was  removed  from  hiber- 
nation and  transplanted  on  cot- 
ton, it  was  able  to  begin  its  generations  immediately  and  to  continue  repioduction 
throughout  the  season. 

The  food  plant  of  this  new  variety  is  known  botanically  as  Thurberia 
thespesioides,  although  it  has  also  been  called  Gossypium  ihurberi  and 
Ingenhowsia  triloba.  It  occurs  in  southwestern  Chihuahua  and  Guada- 
lajara, Mexico;  in  the  Santa  Catalina,  Santa  Rita,  Tanque  Verde,  Rincon, 


Fro.  4.- 


-AnikoHomus  ffrandis  Boh.:  Head  and  beak:  A ,  P^ 
nuik;  ^t  male.    Much  enlarged.    (Original.) 
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Mtde  Pass,  Huachuca,  and  Chiricahua  Mountains,  and  also  in  Pish  Creek 
Canyon  of  the  upper  Salt  River  valley,  and  at  Dragoon,  Fort  Bowie, 
and  Davidson  Springs,  all  in  Arizona. 

Thurberia  grows  at  altitudes  from  2,250  feet  to  7,000  feet,  and  is  found 
in  the  bottom  of  the  canyons,  on  the  canyon  walls,  and  on  top  of  the 
ridges,  growing  usually  where  protected  more  or  less  from  the  greatest 
heat  of  the  sun. 

The  plant  begins  flowering  in  some  localities  in  July,  but  in  others  it  is 
jost  b^;inning  to  bud  in  the  latter  part  of  August.  Flowering  continues 
into  October. 

In  appearance  Thurberia  is  so  nearly  like  cotton  that  the  Mexicans  and 
natives  call  it  "wild  cotton."  The  leaves  are  simple,  or  3  or  5  lobed, 
and  in  the  two  latter  forms  resemble  the  okra-like  form  of  Upland  cotton 
{Gossypium  hirstUum)  or  the  normal  leaves  of  the  Mexican  species  Gossy- 
pium  palmeri  Watt,  and  G.  schoUii  Watt.     The  leaf  has  a  nectary  on  the 


Fio.  s^—AnOoHomms   gnmdis,   var.  ^<^-  6.—AHtkoHomus  grendis  Boh.; 

ikmrUrtae;     Anteniia     of     fenuk.  Antenna    d   female.    Mucb   en- 

Mttcfa  cnlarced.    (Oricinal.)  larged.    (Original.) 

midrib,  like  cotton,  and  this  nectary  is  as  attractive  to  insect  life  as  the 
leaf  nectaries  of  Egyptian  or  Upland  cotton.  The  buds  differ  from  cotton 
buds  by  the  truncate  odlyyi  cup  and  the  linear  involucral  bracts,  but  the 
three  nectaries,  which  also  prove  a  great  attraction  to  insects,  are  present 
as  on  cotton  squares.  The  flowers  resemble  cotton  flowers  very  closely. 
The  bolls  are  small,  not  over  three-fourths  of  an  inch  in  length,  and  are 
3  to  5  celled,  with  two  rows  of  seed  in  each.  There  is  a  very  tiny  fiber 
on  the  cell  walls. 

The  plants  are  perennial,  growing  to  be  over  10  feet  high,  with  a  spread 
of  about  10  feet,  and  having  a  large,  strong,  woody  trunk.  They  are 
very  prolific  fruiters.  The  species  is  often  killed  back  by  frosts,  as  is 
evidenced  by  the  dead  terminals  with  the  old  bolls  of  previous  seasons. 
The  heavy  wash  in  the  mountain  canyons  is  one  of  the  principal  means  of 
dispersion  of  the  plant. 

Thurberia  is  exceedingly  Uke  cotton  in  most  essentials,  the  relationship 
being  most  clearly  demonstrated  by  the  many  insects  which  attack  both. 
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:  two  species  of  parasites  attack  the  Arizona  "wild-cotton"  boll 
the  Santa  Rita  Mountains.  One  of  these  is  a  species  of  Ceram- 
and  the  other  is  a  braconid.    There  are  also  some  predators 

EU^it. 

t  further  information  it  is  idle  to  speculate  as  to  the  direction 
ptation  which  has  evidently  taken  place  in  Anihonomus  grandis. 
research  should  locate  this  boll  weevil  breeding  upon  another 
Dlants  closely  related  to  cotton,  such  as  Eremoxylum,  a  genus 
L  Mexico,  or  upon  one  of  the  small  wild  species  of  Goss3rpium  in 
he  direction  of  adaptation  might  be  traced.    Some  of  the 


».  7. — Anihonomus  ffrandis,  var. 
mrb9ruu:At  Front  leg;  B,  middte 
!g;  C,  hind  leg.  Much  enlarged. 
Original.) 


Pio.  8.— Anihonomus  grandis  Boh.: 
A ,  Front  leg;  B.middleleg;C.hmd 
leg.    Much  enlarged.    (OriginaL) 


;  in  the  condition  of  the  two  varieties  which  show  the  range  of 

of  the  insect  are  as  follows: 
if  all  in  the  vicinity  of  Tucson,  Ariz.,  for  40  years  has  averaged 

inches  per  annum,  not  reaching  3  inches  in  any  month.     July 
;t  are  the  months  of  greatest  precipitation, 
if  all  at  Victoria,  Tex.,  for  20  years  has  averaged  36.63  inches 
I,  with  over  3  inches  in  seven  months  of  the  year.     May  is  the 
greatest  precipitation. 

if  all  at  Opelousas,  La.,  for  17  years  has  averaged  57.12  inches 
1,  with  over  5  inches  in  six  months  of  the  year.  July  is  the 
i^eatest  precipitation. 
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The  altitude  of  Opek>usas  is  83  feet,  of  Victoria  145  feet,  and  of  Tucson 
2»39o  feet.  The  Arizona  boll  weevil  is  found  at  4,000  feet  altitude  and 
higher.  The  highest  altitude  at  which  the  Texas  form  has  been  found 
on  cotton  is  under  2,000  feet. 

The  maximum  temperature  at  Opelousas  and  Victoria  is  104°  P.,  and  at 
Tucson  112°.  The  minimum  temperature  at  Opelousas  is  2^,  at  Victoria 
6*^,  at  Tucson  lo**.  The  mean  temperature  at  Opelousas  is  67.3°,  at  "\^c- 
toria  70**,  at  Tucson  68**.  The  average  date  of  first  killing  frost  in  the 
fall  for  Opelousas  is  November  17;  Victoria,  December  10;  and  for 
Tucson,  November  22.  The  average  date  of  last  killing  frost  in  spring 
for  Opelousas  is  March  5;  for  Victoria,  February  20;  and  for  Tucson, 
March  26.  At  Tucson,  August  is  the  only  month  in  which  the  minimum 
temperature  does  not  run  below  56**  F.,  which  is  the  zero  of  effective 
temperature  for  Anthonomus  grandis  in  Texas.  At  Victoria  and  Opelou- 
sas the  minimum  never  goes  below  56**  in  July  or  August. 

Of  course,  in  the  mountains  where  Anthonomus  grandis  ihurberiae 
occurs  the  temperature  does  not  reach  quite  as  high  a  point  as  at  Tucson, 
and  the  minimum  temperature  js  lower.     The  chilly  nights  and  warm 
days  probably  would 
retard     the    develop- 
ment and  hibernation 
of     the    cotton     boll 
weevil   in    the    same 
manner  if  transplanted 
to   Arizona  mountain 

conditions.  p^  9.-Anikommus  grandis,  var.  tkurbtrias:  Wing. 

The  points  of  great- 
est adaptation  are  evidently  atmospheric  pressure  and  humidity,  and 
possibly  high  temperature,  although  typical  individuals  of  Anthonomus 
grandis  have  been  known  to  survive  114^  P.  at  Dallas,  Tex.,  while  the 
excessive  drought  experienced  for  several  years  in  northern  Texas  prac- 
tically exterminated  the  species. 

Cotton  is  cultivated  in  the  Imperial  Valley  and  the  Colorado  River 
valley  in  California,  in  the  Salt  River  valley,  the  Gila  River  valley  in 
eastern  and  central  Arizona,  and  also  in  the  Santa  Cruz  River  valley  of 
Arizona. 

The  varieties  grown  are  mainly  long  staple — Egyptian  and  Durango^ 
with  some  Triumph.  The  crops,  which  are  irrigated,  are  very  promising 
and  can  be  made  with  very  little  water  if  it  is  properly  applied. 

The  Arizona  "wild  cotton,"  Thurberia,  occurs  in  nearly  every  moun- 
tain range  in  southwestern  Arizona  where  there  is  any  moisture.  In  the 
vicinity  of  the  Santa  Cruz  Valley  cotton  is  grown  within  5  miles  of 
Thurberia  plants  growing  in  the  mountains.  The  boll  weevil  was  not 
found  on  the  nearest  Thurberia  plants,  nor  were  many  of  the  nearest 
canyons  investigated,  but  it  was  found  to  be  abundant  not  more  than  10 
miles  distant.  This  is  the  first  year  of  cotton  in  the  Santa  Cruz  Valley, 
and  it  is  expected  that  a  large  acreage  will  be  planted  in  1914. 
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irberia  is  known  to  occur  in  Fish  Creek  Canyon,  one  of  the  sources 
Salt  River.  This  valley  has  the  most  extensive  cotton  plantings 
zona.  However,  the  boll  weevil  has  not  been  observed  there, 
observations  have  been  made  in  the  vicinity  of  the  Gila  River 
,  but  as  Thurberia  occurs  in  the  mountains  both  north  and  south 
;  valley,  it  undoubtedly  also  occurs  in  some  of  the  ranges  bordering 
Jley. 

:  Arizona  weevil  may  be  able  to  cover  considerable  distances  by 
especially  if  compelled  to  seek  sustenance  elsewhere.  However, 
[  probably  cleave  to  its  native  food  plant  as  long  as  this  gives 
ently  abundant  food,  though  a  great  increase  of  weevils  or  a 
Lse  of  food  might  drive  them  to  seek  other  food.  They  would 
nore  readily  to  cotton  than  an3rthing  else,  and  once  they  find  the 
succulent  cotton,  with  its  plentiful  food  and  moistened  soil,  they 
robably  do  serious  damage.  It  is  to  be  feared  that  a  wholesale 
iction  of  the  native  food  plant  might  invite  a  quicker  than  natural 
ition  to  cotton  on  the  part  of  this  western  weevil.  This  matter 
7  under  investigation,  but  at  the  present  time  it  is  the  writer's 
lal  opinion  that  the  safest  plan  is  to  preserve  the  status  quo  of 
eevil  in  the  mountains.  An  introduction  of  parasites  from  the 
L  boll  weevil  would  be  of  considerable  assistance  in  reducing  the 
la  weevil  and  would  not  cause  its  dispersal, 
re  is  danger  of  a  distribution  of  weevil-infested  buds  through  the 
,ge  sj^tem  by  summer  freshets.  After  such  occurrences  the  cotton 
I  be  watched  very  closely  for  several  weeks  for  the  appearance  of 
s. 

cotton  boll  weevil  has  never  been  able  to  successfully  invade  the 
lotton  sections  of  western  and  northwestern  Texas,  although  it  has 
expected  that  it  will  gradually  adapt  itself  to  the  more  rigid  con- 
3  of  these  sections.  It  is  of  extreme  importance  that  the  Arizona 
be  kept  out  of  western  Texas  and  any  part  of  the  southeast,  except 
under  very  careful  isolated  observation  of  specialists.  If  acd- 
ly  introduced  into  other  sections,  the  Thurberia  weevil  might  be 
o  stand  much  greater  variations  of  climate  than  Anihonomus 
s  Boh.  and  become  a  much  more  powerful  pest.  Furthermore, 
s  every  reason  to  believe  that  Anlhonomus  grandis  ihwrheriae  could 
and  the  rigors  of  the  climate  of  western  Texas, 
i  therefore  important  that  restriction  by  quarantine  be  considered, 
lis  matter  will  be  taken  up  at  an  early  date  by  the  Federal  Horti- 
il  Board. 


Digitized  by 


Google 


Digitized  by 


GoogU 


Digitized  by 


Google 


A  Cotton  Boll  Weevil  In  Arizona 


Plate  VI 


Journal  of  Agricultural  Research 


Vol.  I,  No.  2 


Digitized  by 


Google 


Digitized  by 


Google 


THE   DIAGNOSIS   OF   DOURINE   BY  COMPLEMl 

FIXATION 

By  John  R.  Mohlsr,  Adolph  Eichhorn,  and  John  M.  Buck, 
Pathological  Division,  Bureau  of  Animal  Industry 

INTRODUCTION 

Boorine  is  a  specific  infectious  disease  affecting  under  natural 
tions  only  the  horse  and  the  ass,  transmitted  from  animal  to 
by  the  act  of  copulation,  and  due  to  a  single-celled  animal  pan 
ptotozoan,  the  Trypanosoma  equiperdum.     It  is  characterized 
irregular  incubation  period,  the  confinement  of  the  first  S3rmpt 
the  genital  tract,  the  chronic  course  which  it  runs,  and  by  final 
ducing  complete  paralysis  of  the  posterior  extremities,  with 
termination,  as  a  rule,  in  from  six  months  to  two  years. 

HISTORY  OF  DOURINE  IN  THE  UNITED  STATES 

In  the  United  States  the  disease  was  first  suspected  in  i8< 
recognized  in  1886  by  Dr.  W.  I/.  Williams,  who  was  then  a  vet 
practitioner  at  Bloomington,  111.  Officials  of  the  State  of  Illino 
hold  of  the  outbreak,  and  as  a  result  of  rigid  prophylactic  measu 
disease  was  eradicated  from  the  State  in  1888,  but  not  before  an  c 
stallion  had  been  shipped  to  Gordon,  Nebr.,  thereby  starting  up 
center  of  infection  in  that  locality. 

In  1892  dourine  was  again  brought  into  public  notice  by  an  ot 
among  the  breeding  horses  of  northwestern  Nebraska,  the  hisi 
which  suggested  that  it  originated  with  this  Gordon  stallion.  A 
expenditure  of  about  $5,500  by  the  Bureau  of  Animal  Indust 
^disease  was  considered  to  have  been  eradicated  from  that  sec 
the  country.  Five  years  later  the  infection  again  made  its  app< 
in  the  same  part  of  Nebraska,  and  early  in  1899  the  Bureau  again 
the  woric  of  eradication.  Many  inspections  were  made,  and 
animals  which  were  found  diseased  were  purchased  and  killed. 
obstacles  were  encountered,  and  the  disease  evidently  kept  smo 
during  1900.     . 

In  1 901  the  infection  reappeared  with  increased  vigor,  this  i 
the  Pine  Ridge  and  Rosebud  Indian  Reservations  in  South  Dak 
addition  to  northern  Nebraska,  and  more  stringent  measure 
immediately  inaugurated  to  control  the  spread  of  the  disease.  H( 
eradication  in  this  region  was  extremely  difficult,  owing  to  the  vi 
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!  country  as  well  as  of  the  horses  and  the  fact  that  many  horse 
s  would  try  to  conceal  from  the  inspectors  animals  which  they 
to  be  affected  with  the  disease.  In  1906  the  last  suspicious  cases 
irine  were  destroyed  in  South  Dakota. 

:he  meantime,  during  the  year  1903,  dourine  was  reported  in  Van 
Ojunty,  Iowa,  and  successful  steps  were  immediately  taken  to 
it  out.  No  connection  could  be  established  between  this  outbreak 
[lat  in  Nebraska,  but  it  was  quite  definitely  determined  that  an 
ted  Percheron  stallion  purchased  by  a  company  of  farmers  was 
Lsible  for  its  appearance. 

>ther  outbreak  of  dourine  was  discovered  in  Taylor  County,  Iowa, 
I.  The  diseased  animals,  together  with  all  exposed  stallicms  and 
,  were  immediately  quarantined  by  the  State.  Those  showing 
J  of  the  disease  and  those  exposed  horses  that  reacted  to  the 
ement-fixation  test  were  purchased  by  the  Government  and 
yed.  It  is  now  believed  that  the  infection  is  entirely  eradicated 
[owa.  The  source  from  which  this  center  of  infection  was  derived 
y  a  matter  of  conjecture,  but  there  is  apparently  no  cc»mection 
en  this  and  any  of  the  previous  outbreaks.  No  authentic  informa- 
s  to  the  origin  of  the  outbreak  was  discovered,  but  all  cases  lead 
to  a  Percheron  stallion  which  was  imported  in  1909  and  brought 
to  Lenox,  Iowa. 

ly  in  July,  1912,  the  State  Veterinarian  of  Montana  reported  several 
ious  cases  of  dourine  in  eastern  Montana  and  forwarded  blood 
from  the  suspected  animals  for  the  complement-fixation  test. 
it  one  sample  gave  positive  results,  thus  establishing  a  new  center 
K:tion  of  dourine.  Prom  present  indications  this  outbreak  appears 
more  extensive  than  any  of  the  previous  outbreaks,  involving  also 
idian  reservations  in  North  Dakota  and  South  Dakota;  but  a  forces 
Federal  veterinarians  assisted  by  State  representatives  is  at  work 
t  disease,  and  the  infection  is  well  under  control. 

SEARCH  FOR  A  METHOD  OF  DIAGNOSIS 

I  difficulty  of  diagnosing  chronic  and  latent  forms  of  dourine  is 
dly  recognized,  and  owing  to  this  fact  the  control  and  eradication 
s  disease  in  horses  has  been  of  slow  progress  and  sometimes  in- 
ve.  In  such  outbreaks  it  has  been  the  custom  to  trace  the  disease 
as  possible  to  its  origin  and  then  to  keep  under  observation  all 
and  stallions  which  directly  or  indirectly  have  been  exposed  to 
sease.  At  the  same  time  animals  which  show  clinical  evidences  of 
lection  are  destroyed  without  delay.  By  this  means  several  of 
utbreaks  which  have  occurred  in  the  United  States  have  been 
^d  and  eradicated. 

attempt  to  make  a  microscopical  demonstration  of  the  Trypano- 
equiperdum  in  affected    horses   is  very  frequently  unsucc^sful. 
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altbotigfa  our  more  recent  experience  proves  that  the  organism  may  occa* 
aonally  be  found  in  the  serous  exudate  of  the  plaques  and  also  in  the 
fluid  of  the  edematous  swellings  of  the  genital  organs  in  the  stallions 
as  well  as  in  the  mares. 

Of  course,  this  procedure  of  diagnosis  can  be  attempted  only  when 
the  disease  occurs  in  farming  localities  where  the  animals  can  be  readily 
observed  and  examined  as  desired.  On  the  other  hand,  in  the  present 
outbreak  in  Montana  and  adjoining  States  the  conditions  maJce  the 
diagnosis  by  the  demonstration  of  tr3rpanosomes  impossible,  and,  like- 
wise, animal  inoculaticois  can  not  be  satisfactorily  utilized  for  this  purpose. 
Horses  in  that  locality  are  bred  under  range  conditions;  they  run  wild 
and  a  round-up  takes  place  only  once  a  year.  The  difficulty  of  an  exami- 
nation, even  clinically,  of  such  animals  is  obvious,  since  they  have 
not  been  broken  to  the  halter  and  are  troublesome  to  handle. 

Our  experience  with  the  disease  in  Montana  showed  that  only  a  limited 
number  of  animals  were  clinically  affected.  Nevertheless,  the  associa- 
tion of  all  the  animals  without  any  restriction  in  the  breeding  periods 
indicated  that  a  larger  number  of  animals  would  be  found  infected, 
which,  as  a  matter  of  fact,  has  been  proved  by  subsequent  tests,  as 
hereinafter  shown. 

Owing  to  the  fact  that  until  the  last  few  years  the  eradication  of 
dourine  in  this  country  was  supposed  to  have  been  complete,  the  disease 
has  received  only  slight  attention  as  compared  with  other  menacing 
diseases  of  our  domesticated  animals.  It  was  not  until  the  outbreak 
in  the  State  of  Iowa  in  1911  that  the  necessity  for  devising  a  method  of 
diagnosing  this  infection  began  to  be  fully  realized.  The  value  of  being 
able  to  detect  the  latent  and  to  verify  the  clinical  cases  became  apparent. 
Otherwise,  the  necessity  existed  of  maintaining  a  long-continued  quar- 
antine in  those  sections  of  the  country  where  cases  have  been  discovered. 
While  Uttle  difficulty  has  been  experien<^  in  recognizing  the  advanced 
cases,  a  dinical  examination  alone  naturally  permitted  many  infected 
anfmab  to  escape  detection,  only  to  facilitate  the  further  spread  of  the 
disease  until  the  appearance  of  S3anptoms  made  the  diagnosis  unques- 
tionable. 

Inasmuch  as  the  complement-fixation  method  of  diagnosis  has  been 
emfdoyed  with  gmdfying  results  in  connection  with  numerous  other 
diseases,  the  possibility  of  applying  this  method  to  dourine  naturally 
suggested  itself,  and  steps  were  th^^efore  taken  to  determine  the  feasi- 
bility of  its  application  to  this  disease. 

It  was  very  eariy  discovered  that  the  problem  of  preparing  a  satis- 
&ctc»7  antigen  would  offer  considerable  difficulty.  Efforts  were  pri- 
marily directed  toward  utilizing  for  this  purpose  the  different  organs  of 
those  horses  that  had  succumbed  to  the  disease.  Several  of  the  clinical 
cases  were  shipped  from  Iowa  to  the  Bethesda  Experiment  Station 
during  the  outbreak  referred  to,  in  order  that  a  more  complete  observa- 
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don  might  be  made  of  the  development  of  the  disease  and  that  material 
might  at  the  same  time  be  available  for  the  preparation  of  an  antigen. 
From  time  to  time,  as  these  animals  died,  certain  tissues  were  obtained 
which  it  was  suspected  might  fmnish  the  desired  results,  but  although 
shake  extracts  of  the  spleens,  livers,  kidnejrs,  and  bone  marrow,  as  well 
as  alcoholic  and  acetone  preparations,  were  employed  under  various 
conditions,  the  results  were  rather  discouraging. 

Subsequent  to  thb  time  there  came  under  our  observation  publica- 
tions by  numerous  investigators  who  had  given  this  subject  considera- 
tion. It  will  suffice  to  mention  the  publications  of  Landsteiner,  Muller 
and  Potzl,  Levaditi  and  Yamanouchi,  Hartoch  and  Yakimo£F,  Citron, 
Weber,  Manteufd,  Manteufd  and  Woithe,  Zwick  and  Fischer,  and 
Schilling,  Claus,  and  Hdsslin.  The  results  in  these  instances  appeared 
to  have  been  unsatisfactory,  which  was  also  the  case  in  the  extensive 
woi^  on  the  diagnosis  of  dourine  by  the  Wassermann  method  by  Trajan 
Pavlos^vid,  as  he  conduded  that  while  antibodies  can  be  demonstrated 
by  this  method  in  laboratory  animals  infected  with  tr3rpanosomes,  the 
method  can  not  be  utilized  in  stallions  affected  with  dourine. 

Later,  Winkler  and  W3rschdessky,  Mohler,  and  also  Watson  in  their 
work  on  complement  fibcation  as  an  aid  in  the  recognition  of  tr3rpanoao- 
miasis  indicated  the  good  results  obtained  in  the  diagnosis  of  dourine. 
Likewise,  Mattes  in  his  work  on  the  agglutination  of  tr3rpanosomes  ob- 
tained gratifying  results,  while  Braun  also  colludes  that  complement 
fixation  can  be  utilized  for  the  diagnosis  of  trypanosome  affections. 

In  the  recorded  publications  it  was  observed  that  the  more  promising 
results  were  obtained  by  those  who  employed  suspensions  of  pure  try- 
panosomes.  The  organ  extracts  and  other  preparations  of  antigens 
generally  used  for  this  purpose  proved  unreliable.  The  procedure  as 
recommended  by  various  workers  in  obtaining  an  antigen  from  pure 
tr3rpanosomes  and  using  such  a  suspension  as  the  antigen  has  also  been 
tried  by  the  writers  with  uniformly  good  results.  The  practical  applica- 
tion of  this  procedure,  however,  would  be  very  laborious  and  require  a 
great  deal  of  time,  espedally  in  cases  where  a  large  number  of  horses 
have  to  be  tested  by  this  method.  Accordingly  it  was  deemed  advisable 
to  devise  a  means  by  which  an  antigen  could  be  prepared  which  would  give 
similarly  good  results  but  would  not  require  such  delicate  and  laborious 
technique.  In  place  of  the  spedfic  trypanosome  of  dourine  bemg  util- 
ized, the  writers  sdected  the  surra  organism,  as  it  had  been  previously 
ascertained  by  several  investigators  that  the  reaction  obtained  was  not 
absolutdy  specific  for  any  one  trpyanosome  infection  but  was  rather  of  a 
group  nature.  As  dourine  is  the  only  known  trypanosome  affecticm  of 
horses  existing  in  this  country,  the  value  oi  even  a  group  reaction  was 
immediatdy  appreciated,  and  attention  was  directed  to  the  carrying 
out  of  this  idea  in  our  diagnostic  work. 
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In  place  of  preparing  suspensbns  of  the  trypano8omes,  however,  an 
antigen  was  made  of  the  blood  and  macerated  spleens  of  rats  killed  at  the 
height  of  surra  infection.  This  material  was  placed  in  a  bottle  containing 
S^ass  beads  and  shaken  for  six  hours,  filtered  through  gauze,  and  car- 
bolized.  The  results  from  this  antigen  proved  satisfactory,  and  it  was 
used  repeatedly  on  the  blood  of  the  horses  affected  with  dourine  that 
were  left  of  the  Iowa  shipment. 

The  smallest  quantity  of  the  serum  which  gave  a  positive  reaction  with 
the  antigen  was  0.05  c  c;  however,  the  various  comparative  tests  indi- 
cated that  fixation  in  tubes  containing  0.2  c.  c.  of  serum  is  sufficient  for 
diagnostic  purposes.  Sera  from  normal  animals,  also  those  affected  with 
various  other  diseases,  failed  to  give  a  reaction.  This  antigen  proved 
active  on  10  consecutive  days,  but  failed  to  produce  fixation  of  complement 
on  subsequent  tests.  Later  attempts  by  the  same  procedure  also  resulted 
less  satisfactorily,  and  it  was  therefore  deemed  advisable  to  try  other 
methods  in  order  to  procure  an  antigen  of  more  uniform  action. 

The  following  procedure  was  next  employed: 

After  successive  examinations  of  the  blood  of  a  dog  infected  with 
surra,  about  200  c.  c.  of  blood  were  drawn  from  the  jugular  vein  when 
the  microscopic  examination  revealed  an  extreme  infestation  with  the 
parasite.  The  blood  was  drawn  into  a  i  per  cent  potassium-dtrate 
solution  in  large  centrifuge  tubes  of  100  c.  c  capacity.  A  quantity  of 
potassium-citrate  solution  was  used  equal  to  the  amount  of  blood  drawn 
into  each  tube,  and  0.5  gram  of  saponin  was  added  to  each  tube  in  order 
to  dissolve  the  red  blood  corpuscles.  After  a  thorough  shaking  and  after 
complete  hemolysis  had  taken  place,  the  tube  was  centrifuged  for  30 
minutes  at  2,500  revolutions,  and  the  supernatant  fluid  was  siphoned  off. 
The  residue,  which  was  of  an  opaque  color  and  consisted  principally  of 
trypanosomes,  was  then  thoroughly  mixed  and  shaken  up  with  salt  solu- 
tion, when  it  was  again  placed  in  the  centrifuge;  this  washing  was 
repeated  three  times.  After  the  last  washing  the  thrown-down  opaque 
mass  was  emulsified  with  50  c.  c.  of  salt  solution  and  titered  as  to  its 
merits  as  an  antigen  for  dourine  tests.  The  results  were  highly  satisfac- 
tory, and  the  titer  was  established  at  0.5  c.  c.  of  this  emulsion  per  tube. 
However,  the  disadvantages  of  this  method — ^namely,  the  difficulty  in  the 
preparation  of  this  antigen  and  also  the  small  quantity  which  was  obtain- 
able from  a  single  bleeding  of  a  dog — ^were  soon  apparent. 

In  July,  1 91 2,  the  outbreak  of  dourine  in  Montana  was  discovered,  as 
already  mentioned.  Several  samples  of  blood  sera  from  clinical  cases 
were  forwarded  by  the  State  authorities  to  the  Bureau  of  Animal  Indus- 
try for  verification.  Positive  reactions  were  obtained  in  numerous 
instances  with  antigens  thus  prepared,  establishing  conclusively  the 
presence  of  the  disease  in  that  State,  as  well  as  suggesting  the  possibilities 
of  the  test  as  a  means  of  its  eradication.    It  was  not  long  before  dis- 
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us  made  that  the  disease  was  quite  widely  spread  in  Montana 
the  previous  failure  to  recognize  it.  In  an  endeavor  to  comply 
request  of  the  State  authorities  to  make  diagnoses  in  a  large 
f  animals,  it  was  soon  apparent  that  a  different  method  would 
y  have  to  be  devised  in  order  to  make  the  desired  progress. 

PREPARATION  OF  ANTIGEN 

;  organs  from  rats  just  dead  from  surra  were  tried  out  in  both 
preserved  states,  and  the  results  which  were  obtained  from  the 
)ension  of  the  macerated  spleen  of  a  rat  just  dead  from  surra 
nost  promising.     In  order  to  establish  whether  such  an  antigen 
istantly,  or  at  least  in  most  instances,  give  the  results  desired, 
)eatedly  tested  on  positive  sera  of  horses  affected  with  dourine, 
1  on  horse  serum  known  to  be  free  from  immune  bodies  of 
After  repeated  tests  on  horses  clinically  affected  with  dourine 
n  the  antigen  to  be  uniformly  constant  in  its  action,  the  pro- 
diagnosing  dourine  by  this  method  was  definitely  adopted, 
this  time  that  our  present  method  of  preparing  antigen  was 
oyed,  which  is  as  follows: 

r  white  rats  are  infected  with  surra  by  the  injection  of  0.2  c.  c. 
rom  a  rabbit  infected  with  that  disease.  Since  tests  have  to  be 
ry  day  to  keep  up  with  the  large  number  of  cases  submitted 
le  antigen  proves  effective  only  when  prepared  fresh,  it  was 
that  at  least  two  rats  should  die  daily  with  the  disease.  When 
ppeared  to  be  at  the  point  of  death  late  in  the  afternoon  it  was 
it  placing  such  rats  in  the  ice  chest  until  they  died  furnished  a 
tigen  than  when  they  have  died  in  the  cage  during  the  night 
to  be  used  the  following  morning. 

eens  of  the  rats  are  removed,  placed  in  a  mortar,  and  ground  up 
aall  amount  of  salt  solution  to  a  pulpy  mass.  From  time  to 
t  of  the  salt  solution  is  added,  and  the  suspension  thus  obtained 
twice  through  a  double  layer  of  gauze  into  a  test  tube.  The 
of  the  suspension  from  each  spleen  is  made  up  to  40  c.  c.  by 
idth  salt  solution. 

ispension  constitutes  the  antigen  for  the  tests  of  the  suspected 
era.  Dr.  Jacob  Traum,  who  was  temporarily  assigned  to  this 
nd  that  when  the  suspension  was  titered  against  sera  in  gradu- 
atities  from  a  known  positive  and  a  known  negative  case  the 
ts  were  obtained,  and  this  method  has  since  been  adopted.  The 
of  antigen  employed  is  double  the  amount  necessary  to  pix>- 
plete  fixation  with  positive  serum.  The  following  table  gives 
3d  practiced  in  titrating  the  antigen: 
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The  hemolytic  system  consists  of  sensitized  rabbit  serum,  serum  from 
a  guinea  pig,  and  a  5  per  cent  suspension  of  washed  sheep  corpuscles. 

The  serum  to  be  tested  is,  of  course,  inactivated  for  one-half  hour  at 
56^  C.  and  is  used  in  the  tests  in  quantities  of  0.15  c.  c,  since  it  has  been 
found  that  fixation  in  this  quantity  is  obtained  only  with  sera  of  horses 
affected  with  dourine.  Tests  to  determine  the  smallest  quantity  of  serum 
of  horses  having  dourine  which  will  give  a  fixation  showed  that  in 
several  instances  even  0.02  c.  c.  of  serum  was  sufficient  to  give  a  com- 
plete fixation. 

The  complement  from  the  guinea  pig  is  always  titered  previous  to  the 
test,  as  it  is  absolutely  necessary  to  use  the  exact  amount  of  the  comple- 
ment to  obtain  the  best  results,  since  a  deficiency  or  an  excess  of  the  com- 
plement would  interfere  greatly  with  the  reaction. 

In  the  numerous  cases  which  have  been  tested  the  results  were  almost 
invariably  definite,  and  only  on  a  very  few  occasions  was  it  found  neces- 
sary to  make  retests  on  cases  which  appeared  atypical.  The  reaction  is 
alwa3rs  very  marked,  and  in  our  work  only  a  complement  fixation  with 
the  quantity  of  serum  mentioned  is  recognized  as  a  positive  reaction. 
It  is  only  proper  that  in  the  tests  the  usual  number  of  checks  should  be 
employed  in  order  to  insure  reliable  results. 

Since  the  testing  has  been  undertaken  by  the  method  described, 
8,657  samples  have  been  examined  from  Montana  and  the  Cheyenne  and 
Standing  Rock  Indian  Reservations  in  North  Dakota  and  South  Dakota. 
Of  these,  1,076  gave  positive  reactions,  which  appears  to  be  a  very  lai^ge 
proportion,  but  when  it  is  remembered  that  these  animals  were  k^>t 
under  range  conditions  without  sanitary  or  veterinary  control  and  also 
that  before  the  disease  was  recognized  as  dourine  it  had  been  diagnosed 
for  a  long  period  as  some  other  affection,  it  will  be  apparent  that  the 
opportunity  for  the  spread  of  the  disease  was  ideal. 

With  the  present  system  of  diagnosis,  by  which  even  the  latent  cases 
can  be  determined,  it  is  hoped  to  eradicate  the  disease  quickly.  All  the 
horses  in  the  infected  localities  will  be  submitted  to  the  complement- 
fixation  test,  and  by  cooperation  with  the  State  authorities  means  will 
be  devised  to  dispose  of  the  affected  animals  in  such  a  way  as  to  make 
the  further  spread  of  the  disease  impossible.  The  animals  which  were 
destroyed  as  a  result  of  the  disease  in  the  above-named  localities  and 
which  were  diagnosed  by  the  complement-fixation  test  showed  in  most 
instances  some  lesions  indicative  of  the  disease.  In  some  of  the  cases 
there  were  no  indications  of  a  progressive  paral}^,  but  the  lesions 
existing  in  the  genital  organs  of  either  the  male  or  female  were  sufficient 
for  confirmation  of  the  diagnosis  by  the  complement-fixation  test. 

It  is  therefore  evident  that  the  diagnosis  of  trypanosome  infections 
of  both  man  and  animal  by  the  complement-fixation  test  is  of  very  great 
importance,  especially  in  countries  where  only  one  of  these  protozoan 
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diseases  exists.  By  this  means  it  is  possible  to  determine  all  infected 
peisons  or  animals  within  a  short  time  and  adopt  such  hygienic  measures 
as  would  be  best  suited  for  the  control  of  the  infection.  Furthermore, 
the  introduction  of  a  disease  like  dourine  into  any  country  could  also 
be  guarded  against  by  a  compulsory  requirement  of  this  test  on  all 
horses  imported  from  countries  in  which  dourine  is  present 
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THREE  UNDESCRIBED   HEART-ROTS  OF   HARDWOOD 
TREES,  ESPECIALLY  OF  OAK 

By  W.  H.  LoNO, 
Ff€st  Paikologist,  Investigations  in  Forest  Pathology t  Bureau  of  Plant  Industry 

INTRODUCTION 

During  an  investigation  made  in  191 2  of  the  pathological  condition  of 
the  oaks  in  the  Ozark  National  Forest,  of  Arkansas,  and  in  other  sections 
of  the  United  States  the  writer  found  a  large  percentage  of  the  trees, 
especially  in  some  r^ons  of  Arkansas,  attacked  by  various  fungi  which 
rot  the  beartwood.  Twenty  dififerent  kinds  of  heart-rots  were  found. 
Of  this  number  eight  have  been  previously  described  and  assigned  to 
their  causative  fungi;  two  were  caused  by  well-known  fungi,  but  no 
detailed  specific  descriptions  of  the  rots  have  yet  been  published;  one 
proved  to  be  a  true  root-rot  caused  by  Poly  poms  dryadeus;  three 
have  not  yet  been  connected  with  their  causative  organisms;  while  six 
have  been  for  the  first  time  definitely  associated  by  the  writer  with  the 
fungi  which  produce  them.  Only  three  of  these  last  six  rots  will  be 
discussed  in  this  paper. 

INVESTIGATIONS  OF  HEART-ROTTINO  FUNGI 

The  writer  fotmd  in  the  Ozark  National  Forest  ideal  conditions  for  the 
study  of  heart-rotting  fungi,  as  thousands  of  white-oak  trees  {QMercus 
alba  L.)  were  being  worked  into  36-inch  staves  for  whisky  barrels.  Trees 
over  16  inches  in  diameter  were  felled  and  sawed  into  about  3-foot 
lengths;  these  were  immediately  split  into  what  are  known  as  bolts. 
As  only  perfectly  sound  timber  can  be  used  for  whisky  staves,  all  rotten, 
wormy,  water-soaked,  and  stained  pieces  were  rejected  and  left  on  the 
ground  where  the  tree  was  cut.  It  was  therefore  very  easy  to  determine 
the  character  and  extent  of  the  rot  in  each  tree.  As  the  areas  being 
cut  were  in  a  virgin  forest,  all  ages  of  trees  down  to  about  160  years  old 
(16  inches  in  diameter)  were  included.  The  majority  of  the  trees  were 
cut  very  close  to  the  ground;  the  stumps  averaged  12  inches  in  height, 
but  in  many  cases  were  much  lower.  This  aided  in  the  investigation, 
since  the  nearer  the  ground  the  trees  were  cut  the  more  complete  was 
the  record  as  to  the  rot  in  the  trunks. 

Of  the  twenty  rots  found  in  oak,  only  the  following  eight  were  pres- 
ent to  any  extent  in  the  trunks  and  tops  of  the  trees: 

(i)  A  rot  which  produces  hollows  caused  by  Hydnum  erinaceus; 
{2)    a  brown,    checked    rot   caused    by   Polyporus  sulphureus;  (3)  a 
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ish  heart-rot»  piped  in  its  earliest  stages  and  common  in  the  upper 
of  the  trees,  due  to  P.  dryophilus;  (4)  a  string  and  ray  rot  in 
butts  of  the  trees,  due  to  P.  berkeleyi;  (5)  a  straw-colored  rot 
ed  by  P.  frondosus;  (6)  a  white  piped  or  pocketed  rot  caused  by 
nlotae;  (7)  a  brown,  brittle  rot,  cause  unknown;  and  (8)  a  tough, 
gy,  whitish  rot  caused  by  Forms  kbatus. 

I  these  eight  rots  the  bulk  of  the  damage  to  the  timber  in  the  butts  of 
trees  is  caused  by  the  following  fungi,  named  in  the  order  of  their  im- 
ance:  Hydnum  ertnaceus,  Polyporus  pUotae^  P.  sulphareus,  P.  berke- 
and  P.  frondosus.  However,  P.  dryophilus  causes  a  most  commcm 
very  injurious  heart-rot  of  the  upper  trunk  and  limbs  of  oaks  in  the 
:ks. 

[though  64.8  per  cent  of  the  felled  oak  trees  studied  in  the  Ozarks 
i  affected  with  butt-rots,  the  amount  of  merchantable  timber  actually 
royed  by  these  fungi  was  comparatively  small,  owing  to  the  fact 
these  rots  do  not  ascend  very  high  in  the  trees.  More  than  2,100 
d  oak  trees  were  carefully  studied  by  the  writer,  and  extensive  data 
eming  each  tree  were  recorded.  Ctf  the  entire  number  1,938  were 
eoaks. 

ible  I  shows  the  various  heights  of  each  rot  in  the  trees  down  to  a  cer- 
limit,  together  with  the  corresponding  stump  diameter,  the  diameter 
le  rot  for  each  tree,  and  the  number  of  trees  for  each  recorded  rot 
lit.  For  example,  the  first  line,  reading  across  the  page,  shows 
aame  of  the  rot — * 'hollow-producing  rot";  cause — "Hydnum  erina- 
';  diameter  of  the  stump — "26  inches;"  diameter  of  the  rot  in  the 
ip — "17  inches" ;  height  of  rot  in  the  bole  of  the  tree— "28  feet" ;  and 
mmber  of  trees  with  this  height  of  rot — "i."  Where  more  than  one 
has  a  particular  rot  of  a  given  height  the  diameters  of  the  stumps 
the  diameters  of  the  rot  in  the  stumps  are  averaged,  and  the  resulting 
bers  are  shown  in  the  proper  columns. 
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Table  l.—Daia  attfam  typ4s  of  butt^oU found  in  wkiU  oak  (Qnsrcus  alba  . 

Nmeoffot. 

Cnse. 

Dfaaneter 
oi  stump. 

Diameter 
drotin 
•tump. 

Mmzi- 

mum 
height 
of  rot  in 

butt. 

1 

Inchu. 

incku. 

Feet. 

36 

17 

38 

AO 

36 

24 

30 

27 

30 

as 

31 

19 

29 

36 

x8 

36 

19 

17 

Hollow-pfoducizigiot. . . 

Hydnum  erinacetts 

39 

23 

16 

32 

27 

15 

36 

30 

14 

38 

31 

13 

38 

31 

13 

30 

33 

II 

27 

30 

10 

40 

36 

24 

38 

36 

30 

39 

24 

16 

Pbcketed  or  piped  rot. . 

Polyporus  piiotae 

30 

25 

15 

39 

23 

14 

38 

31 

13 

36 

23 

10 

39 

27 

18 

33 

34 

13 

Bnnm,  checked  rot 

Polyporus  sulphureus. . 

36 
36 

39 
19 

9 
8 

36 

33 

7 

38 

24 

6 

38 

32 

13 

30 

37 

10 

String  and  ray  rot 

Polyporus  berkclcyi. . . 

38 

31 

8 

38 

17 

6 

. 

37 

30 

5 

Straw-colored  rot 

Polyporus  frandosus. . . 

39 

25 

23 
17 

4 

3 
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Tabu$  I. — Data  an  five  types  of  buti-tots  found  in  white  oak  {Quercw  alba  L.) — Contd. 

SUMHARY. 


Cmiae. 

Average- 

Total 

t. 

Diameter 
of  stump. 

Diameter 
olrotin 
stump. 

Height 

of  rot  in 

butt. 

Age  ol  rot. 

number 
of  trees 
infected. 

icing 
)iped 
€ked 
^rot.. 
rot.. 

Hydnum  erinaceus 
Polyporus  pilotae. . 

Polyporus  sulphu- 

reus. 
Polyporus   berke- 

leyi. 
Polyporus  frondo- 

sus. 

Inches, 
26.  0 

25.6 

25.  s 

28.0 
27.0 

Inchu, 
12.6 

13- 7 
13.6 
ig.  0 
14.0 

Ful. 
3-9 

3-9 
30 

3-5 
2.3 

Years. 
156 

190 

648 
408 
270 

57 
Ifl 

txyve  summary  are  given  certain  data  for  each  of  the  most 
butt-rotting  fungi  in  white  oaks,  and  from  them  some 
t  obtained  as  to  the  amount  of  damage  done  by  these  heart- 
g;i  in  the  virgin  timber  of  the  Ozark  National  Forest.  All  of 
:ed  in  the  table  are  also  fotmd  in  black  oak  (Quercus  veluitna 
irell  as  in  white  oak,  but  on  account  of  the  limited  number  of 
5  species  examined  no  data  are  now  given  for  it.  All  height 
er  measurements  given  in  this  article,  unless  otherwise  stated, 
from  the  tops  of  stumps  12  inches  high, 
nining  the  age  of  the  rot  only  trees  were  used  in  which  the 
undoubtedly  entered  at  an  old  fire  scar  long  since  healed  over, 
rings  of  wood  were  counted  from  the  point  where  the  callus  had 
closed  the  wound,  so  that  the  heart-rotting  fungus  must  have 
3re  the  wound  was  covered.  Therefore,  the  figures  given  here 
he  minimum  age  for  each  infection.  The  rot  might  have 
iner  and  therefore  be  older,  but  it  could  not  have  entered 
lerefore  be  younger,  as  the  callus  had  closed  the  wound.  No 
b  open  wounds  of  any  kind  were  used  in  estimating  the  age 

IT  realizes  that  this  method  of  determining  the  length  of  time 
has  been  in  a  tree  is  open  to  the  following  criticism: 
fungus  might  have  entered  underground  through  injuries 
led  to  the  heartwood  of  the  root  and  thence  moved  upward 
e  of  the  tree;  (2)  the  wound  made  by  the  fire  may  have  healed 
nd,  but  not  below  on  the  stool  and  roots  of  the  tree*  thus 
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leaving  a  permanent  opening  into  the  heartwood  of  the  trunk  just  below 
the  surface  of  the  ground.  Through  such  hidden  openings  the  mycelium 
of  any  heart-rotting  fungus  capable  of  growing  in  the  forest  debris  could 
enter  the  tree,  and  thus  the  resultant  rot  would  be  directly  associated  with 
the  old  fire  scar;  (3)  some  of  these  heart-rotting  fungi  may  be  able  to 
enter  through  sound,  tmbroken  living  roots  and  then  move  upward  as  a 
heart-rot  into  the  bole  of  the  tree.  In  this  case  they  would  also  be  true 
root  parasites  and  not  simply  mere  heart-rottii^  fungi. 

None  of  the  three  rots  discussed  in  this  article  are  known  to  be  true 
root  parasites.  As  to  the  first  objection  mentioned,  the  writer  has  inves- 
tigated several  hundred  uprooted  oak  stumps,  many  of  which  had  heart- 
rot,  and  in  no  instance  was  any  evidence  found  indicating  that  the  heart- 
rotting  fungus  entered  through  the  roots  and  thence  worked  upward  in 
the  tree.  On  the  contrary,  repeated  instances  were  found  where  the  rot 
b^an  at  the  surface  of  the  ground  in  an  old  fire  scar  or  other  wound  and 
moved  downward  in  the  heartwood  of  the  root  and  upward  in  the  bole  of 
the  tree.  In  every  case  where  the  rot  had  entered  the  roots  it  had 
evidently  come  from  above  and  not  from  below,  as  the  rot  was  limited  to 
the  heartwood  of  the  root,  while  the  sapwood  was  alive  and  sound. 
However,  there  is  a  large  wood  borer  which  lives  in  the  roots  of  oaks, 
and  when  its  burrows  reach  the  surface  of  the  roots  an  opening  would  be 
made  for  any  fungi  to  enter  from  the  soil.  It  is  well  known  that  in  the 
roots  of  oaks  the  amount  of  heartwood  compared  to  that  oi  sapwood  is 
very  small.  This  in  itself  makes  improbable  the  entrance  of  heart-rotting 
ftti^  through  the  roots,  especially  sound  ones. 

In  regard  to  the  second  objection  mentioned,  the  writer  has  recently 
examined  more  than  200  oak  trees  with  fire-scarred  bases,  and  not  a  single 
one  was  found  in  which  the  wounds  having  healed  above  ground  had 
not  also  completely  healed  over  below  the  ground.  As  a  rule,  forest  fires 
injiue  the  tree  but  a  short  distance,  2  to  3  inches,  below  the  collar  of  the 
tree,  owing  to  the  protection  of  the  soil.  Therefore,  it  is  not  impossible 
for  these  three  heart-rotting  fungi  to  entei;  through  the  root  system;  but 
taking  the  above  facts  into  consideration  it  is  improbable  that  they  did 
enter  by  this  route,  even  granting  that  they  are  capable  of  leading  a 
purely  saproph3rtic  existence  in  the  soil  and  forest  debris — a  condition 
yet  to  be  proved. 

The  very  dose  association  of  the  heart-rots  with  the  old  fire  scars  in 
the  trees  studied  is  so  evident  that  undoubtedly  the  causal  fimgi  entered 
the  tree  by  this  route.  So  marked  is  this  association  of  fire  scars  with 
heart-rots  in  the  Ozarks  that  one  could  tell  the  areas  in  the  forest  which 
had  been  most  frequently  burned  over  from  the  percentage  of  trees 
affected  with  heart-rots. 

The  writer  has  found  three  types  of  heart-rotting  fungi  in  living  trees: 

(i)  Those  limited  to  the  base  and  lower  portion  or  butt  of  the  tree,  for 
example,  Polyporus  berkeleyi  and  P.  jrondosus;  (2)  those  which  are  able 
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to  enter  either  at  the  butt  or  in  the  top  of  the  tree,  such  as  Hydnwm  erina- 
ceus,  Pdyporus  sulphureus,  and  P.  pilotae;  (3)  those  which  enter  the 
upper  portion  of  the  tree  and  work  in  both  directions  from  the  point  of 
entrance,  but  rarely,  if  at  all,  enter  through  fire  scars  at  the  butt,  such 
as  P.  dryophilus  and  Fomes  everhartii. 

THREE  UNDESCRIBED  TYPES  OF  HEART-ROTS 

In  a  later  article  the  writer  expects  to  discuss  a  large  number  of  heart- 
rots  of  the  oak,  limiting  this  paper  to  a  detailed  description  ot  the  following 
rots :  A  pocketed  or  piped  rot  of  the  oak,  chestnut,  and  chinquapin  caused 
by  Pdyporus  pilotae;  a  string  and  ray  rot  erf  the  oak  caused  by  P. 
berkeleyi;  and  a  straw-colored  rot  of  oak  caused  by  P.  frondosus. 

A  POCKETED  OR  PIPED  ROT  CAUSED  BY  POLYPORUS  PII/>TAE 

The  rot  produced  by  P.  pilotae  has  been  found  by  the  writer  directly 
associated  with  the  sporophores  of  this  fungus  in  the  following  species  of 
trees:  Quercus  alba  L.,  Q.  veltUina  Lam.,  Q.  texana  Buckl.,  Q.  cocdnea 
Muenchh.,  Castanea  pumila  (L.)  Mill.,  and  C.  dentaia  (Marsh)  Borkh. 

A  POCKSTBD  OR  PiPBD  ROT  IN  WhTTB  OaK 

The  description  of  the  pocketed  or  piped  rot  which  follows  was  made 
from  the  diseased  wood  of  a  white-oak  tree  (Quercus  alba)  which  was  cut 
on  July  23,  and  on  August  27  the  sporophores  of  Polyporus  pilotae  shown 
in  Plate  VII,  figure  i,  were  found  fully  developed  on  the  end  of  the  log. 
There  could  be  no  question  as  to  the  identity  of  the  fungus  producing 
the  rot  in  this  case,  as  less  than  30  days  had  intervened  between  the 
felling  of  the  living  tree  and  the  formation  of  the  sporoj^ore  ci  P.  pilotae. 

The  first  indication  of  this  rot  in  white  oak  is  a  slight  browning  of  the 
heartwood.  Later  white,  oval,  or  circular  cellulose  patches  from  deligni- 
fication  appear  in  this  discolored  wood.  These  white  areas  by  dissolution 
of  the  fibers  often  become  holes,  which  show  in  both  mdial  and  cross 
section  (PI.  VII,  fig.  2).  The  delignification  seems  to  originate  in  the  last 
layers  of  the  summer-wood  fibers  and  spreads  in  a  very  irrq^ular  manner. 
In  later  st£^es  long  strings  of  white  cellulose  fibers  are  found.  This  is 
especially  true  where  an  abundance  of  air  and  rain  water  can  reach 
the  rotting  area,  especially  in  old  dead  logs  or  in  trees  with  cracks  or  in 
hoUow,  open  butts.  The  delignification  and  absorption  of  the  fibers 
do  not  foUow  the  spring  wood  as  closely  as  they  do  in  the  scarlet  oak 
(Quercus  cocdnea). 

Another  type  of  cavity  may  be  formed  which  seen  in  radial  view  is 
0.5  to.  I  nmi.  by  I  to  2  nmi.  in  size.  These  cavities  are  lined  with  the 
ends  of  the  white  cellulose  fibers  and  usually  occur  in  and  at  right  angles 
to  the  large  spring  vessels,  but  they  may  also  extend  radially  from  one 
aimual  ring  to  the  next  in  a  more  or  less  winding  or  interrupted  course. 
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Under  the  mkrosoope  the  large,  thick-walled,  colorless  hyph»  are  plainly 
seen  in  these  holes,  and  to  them  the  holes  undoubtedly  owe  their  origin. 
The  edges  of  the  perforated  vessels  as  well  as  the  adjacent  cells  have  been 
deligmfied.  This  t3rpe  of  cavity  was  especially  abundant  in  the  wood 
immediately  adjacent  to  the  sporophore. 

The  find  stage  ci  this  rot  in  white  oak  seems  to  present  one  of  two 
ooncfitions:  If  an  abundance  ci  air  and  water  is  present,  all  the  wood 
fibeis  win  be  changed  to  cellulose,  then  dissolved,  leaving  a  very  light, 
brittle,  totted  wood  ci  a  dark-brown  color,  which  later  gradually  crumbles 
into  a  dirtlike  mass.  This  is  the  t3rpe  of  rot  usually  found  in  dead  trees 
or  fivi^  trees  with  hollow,  open  butts.  If,  on  the  other  hand,  only  a 
Kmited  amount  of  air  and  no  rain  water  is  present,  as  b  the  case  in  living 
trees  with  no  open  wounds  reaching  to  the  diseased  heartwood,  the  rotting 
wood  may  become  honeycombed  with  empty,  cellulose-lined,  elliptical 
cavities  (R  VII,  fig.  3)  or  it  may  decompose  into  a  fibrous  mass  consist- 
ii;  of  long,  white  cellulose  strands  and  partially  decomposed  vessels  and 
medullary  rays.  Large  quantities  of  Uiese  white  cellulose  strands  are 
crften  fomid  in  the  butts  of  freshly  cut  trees  which  externally  appear 
pofectly  sound  but  have  this  rot  in  the  heartwood. 

A  P0CK8TSD  OR  PiPBD  Rot  in  Scaklst  Oak 

The  following  description  of  the  pocketed  or  piped  rot  was  made  from  a 
^-thrown  scarlet  oak  (Quercus  coccinea),  which  on  falling  split  on  the 
^fer  side  for  7  or  8  feet.  Prom  this  fissure  a  sporophore  of  Polyporus 
P^^  protruded.  The  rot  began  in  the  top  of  the  tree  and  had  reached 
^  gnmnd.  The  tree  was  sawed  into  6-foot  lengths  and  split  open  on 
^'^  5>  and  on  May  30  fresh  sporophores  were  b^;inning  to  form  on  the 
^  of  the  spUt  pieces. 

In  this  host  the  fungus  first  attacks  the  spring  wood  immediately 
^"^^nnd  the  larger  vessels,  turning  it  to  a  Ught-tan  color.  This  change  in 
^r  is  accompanied  by  the  absorption,  more  or  less  irr^[ulariy,  of  the 
^  of  the  spring  wood,  while  the  wood  fibers  intermixed  with  these 
^  are  delignified  from  within  outward.  The  tan  color  of  the  affected 
^'^  is  due  to  the  walls  of  the  wood  fiber  and  other  cells  adjacent  to  the 
^€S8ids  turning  a  golden  yellow.  At  this  stage  of  the  rot  the  spring 
^^  is  badly  decomposed  and  consists  of  cells  and  vessels  much  eroded, 
saving  fragments  of  both  intermixed  with  apparently  unchanged  cells 
^  vessels.  This  partial  destruction  of  the  spring  wood  causes  it  to 
*P^te  readily  into  circular  sheets  along  these  lines  of  weakness. 

The  next  stage  of  the  rot  going  inward  toward  the  center  of  the  tree 
f  ^e  almost  complete  change  of  the  summer-wood  fibers  and  tracheids 
into  a  yellowish  white  cellulose.  Under  the  microscope  the  rotten  wood 
^  seen  to  consist  of  delignified  wood  fibers  intermixed  vnth  the  renmants 
^  ^e  spring  wood  and  of  nearly  unchanged  medullary  rays,  while  the 
^tire  mass  of  rotted  wood  is  ramified  by  large,  colorless,  thick-walled. 
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much-branched  fungus  hypbst  5  to  lo/z  in  diameter.  These  hyphse 
are  especially  abundant  in  the  spring  wood.  In  this  stage  the  rotten 
wood  easily  pulls  loose  in  thin  flakes,  the  line  of  cleavage  being  between 
the  medullary  rays.  Many  white  and  yellowish  white  unabsorbed 
cellulose  wood  fibers  are  found  in  the  rot  at  this  stage. 

The  third  and  final  stage  of  the  rot  is  fotmd  in  the  center  of  the  tree 
and  is  of  a  reddish  brown  color,  there  being  a  rather  sharp  line  of  demarca- 
tion between  this  and  the  light-tan  color  of  the  second  stage.  In  this  last 
stage  there  are  found  remnants  of  the  vessels,  a  few  unabsorbed  fiber 
tracheids,  wood  fibers,  and  partially  decomposed  medullary  rajrs  inter- 
mixed with  the  colorless  hyphae  of  the  fungus.  Not  enough  h3rphae  are 
present,  however,  to  bind  the  rotted  wood  into  a  tough  mass.  The 
wood  at  this  stage  at  first  is  rather  brittle  when  dry  and  can  be  partially 
crushed  into  fragments  between  the  fingers,  but  finally  it  crumbles  into  a 
brownish  dirtlike  mass,  which  remains  in  a  cavity  thus  formed  in^de  the 
tree,  unless  removed  by  squirrels,  etc.  On  the  split  surface  of  the  rotting 
wood  which  was  exposed  directly  to  the  air  and  rain  water  a  dark,  reddish 
brown  mycelial  layer  of  a  gelatinous  nature  was  found.  This  gelatinous 
mass  might,  of  course,  be  a  foreign  growth  and  not  a  part  of  the  myce^ 
lium  of  the  fungus  Polyporus  piloiae.  The  reddish  cast  is  due  to  the 
formation  of  reddish  brown  bodies  on  or  among  thehyphae;  sometimes 
several  of  them  form  a  conidialike  chain. 

In  general,  the  delignification  seems  to  b^[in  in  the  layer  of  wood  fibers 
forming  the  boundary  line  between  the  summer  growth  and  the  spring 
layer  of  wood  formed  the  following  year  and  spreads  most  rapidly  in  the 
spring  wood,  leaving  more  or  less  intact  the  largest  vessels  and  the  cells 
inmiediatdy  adjacent.  At  this  st£^e  many  of  the  medullary  m]^  contain 
a  chestnut-brown,  humuslike  substance. 

A  PocK^BD  OR  PiPBD  Rot  in  thb  Tbxan  Oak 

The  rotted  wood  from  which  the  following  description  was  made  was 
obtained  from  an  old  log  of  Texan  oak  (Quercus  lexana),  just  beneath  a 
very  large  sporophore  of  Polyporus  piloiae. 

The  rot  in  this  host  is  much  like  that  described  for  the  scarlet  oak, 
consisting  of  long  strands  of  white  to  creamy  white,  cellulose  fibers  inter- 
spersed with  the  partially  changed  spring  wood  and  medullary  ra3rs. 
There  is  a  zone  of  one-fourth  to  one-half  inch  of  discolored  wood  be- 
tween the  sotmd  wood  and  the  zone  where  the  delignification  is  evident. 

A  POCKBTBD  OR  PiPBD  RoT  IN  CmNQUAPIN 

This  description  of  the  pocketed  or  piped  rot  was  made  from  material 
obtained  from  a  fallen  log  of  chinquapin  (Castanea  pumila)  on  which  a 
sporophore  of  Polyporus  piloiae  was  found.  The  rot  was  seen  a  number 
of  times  in  fallen  chinquapin  trees  in  the  Ozark  National  Forest     In 
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Uving  trees  of  this  species,  as  in  the  white  oak,  the  rot  may  vary 
somewhat. 

In  the  chinquapin  the  fungus  first  delignifies  the  latest  formed  summer- 
wood  fibers,  those  immediately  adjacent  to  the  large  vessels,  and  spreads 
finally  to  all  the  wood  fibers  lying  between  the  spring  wood  of  any  two 
successive  years.  As  the  summer  wood  is  composed  largely  of  wood 
fibers,  the  ultimate  result  is  an  almost  complete  separation  of  the  layers 
<rf  spring  wood.  The  concentric  layers  of  the  spring  wood  are  separated 
at  first  by  the  white  to  yellowish  white,  cellulose  fibers.  Later  this  cellu- 
lose is  entirely  absorbed,  leaving  only  the  concentric  layers  of  the  spring 
wood  loosely  held  together  by  the  remnants  of  the  wood  fibers  and  the 
few  small  vessels  found  in  the  summer  wood  (PI.  VII,  figs.  4,  a,  and  4,  b). 
The  vessels  and  other  cells  of  the  spring  wood  have  in  the  meantime 
become  more  or  less  corroded  and  have  assumed  a  reddish  brown  color. 
In  the  final  stage  of  the  rot  the  wood  when  dry  is  brittle  and  can  be 
easily  broken  between  the  fingers.  In  old,  weathered  chinquapin  logs 
attacked  by  this  fungus  the  rot  is  very  characteristic,  consisting  of  con- 
centric layers  of  rotten  wood  which  are  so  loosely  held  together  that 
one  can  easily  puU  o£F  layer  after  layer. 

A  POCKBTBD  OR  PiPBD  RoT  IN  ChBSTNUT 

The  material  examined  for  the  following  description  of  the  pocketed 
rot  was  obtained  from  the  diseased  wood  of  living  chestnut  trees  (Castanea 
deniaia)  located  near  New  Berlin,  N.  Y.  In  the  hollow  butts  of  these 
trees  the  resupinate  form  of  Polypoms  pilotae  was  found.  Some  trees 
were  examined  which  had  recently  been  made  into  railroad  ties.  Ample 
opportunity  was  thus  given  for  a  thorough  study  of  the  various  stages 
of  the  rot  in  different  regions  of  the  tree  trunks. 

The  first  indication  of  the  rot  is  a  watery  brownish  discoloration  of  the 
heartwood.  In  cross  section  this  discolored  area  or  "soak "  often  appears 
as  a  central  circular  patch  (PI.  VII,  fig.  5),  often  flanked  by  one  or  more 
very  narrow  crescent-shaped  discolored  areas,  lying  between  the  diseased 
portion  and  the  sapwood,  or  sometimes  the  "soak"  may  be  eccentrically 
placed  in  the  heartwood  of  the  tree.  These  rings  of  diseased  wood  follow 
very  closely  certain  annual  rings  and  usually  appear  first  in  the  immediate 
vicinity  of  the  large  spring  vessels.  Sometimes  only  one  annual  ring 
win  show  the  disease,  and  this  may  extend  for  several  feet  longitudinally 
in  the  tree  beyond  that  portion  of  the  rot  where  delignification  is  evident. 

The  mycelium  of  the  fungus  travels  much  more  rapidly  longitudinally 
in  the  tree  than  radially.  It  is  first  seen  in  the  large  spring  vessels.  The 
adjacent  wood  fibers  soon  show  signs  of  delignification,  which  usually 
occurs  most  abundantly  in  the  latest  formed  summer  wood,  where  smaU, 
irr^^Iar,  oval  patches  of  cellulose  are  produced.  These  patches  usually 
lie  opposite  the  largest  vessels  and  immediately  adjacent  to  them.  This 
association  of  cellulose  and  large  vessels  is  espeddly  noticeable  in  cross 
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section,  where  the  delignified  areas  may  usually  be  seen  in  the  summer 
wood.  The  delignification  may  continue  without  much  absorption  of 
the  cellulose  till  long  white  bands  of  cellulose  are  found  lying  alongside  of 
the  vessels.  This  formation  of  bands  of  cellulose  is  especially  marked 
when  an  abundance  of  air  and  rain  water  can  penetrate  the  rotting  wood. 
Such  a  condition  obtains  in  fallen  logs  with  large  hollows  or  cracks  in  them. 

K,  on  the  other  hand,  the  rot  is  in  the  center  of  the  heartwood  of  a 
living  tree,  the  small,  oval-shaped  cellulose  patches  increase  in  size, 
h3rph£  from  the  adjacent  vessels  gradually  absorb  the  cellulose  untfl 
lens-shaped  cavities  are  formed  which  at  first  are  filled  by  a  dense  growth 
of  rather  coarse  hyaline  hyplue.  The  sides  of  these  cavities  ai;p  lined 
with  the  projecting  ends  of  the  delignified  wood  fibers  much  like  the  rot 
produced  by  Trameies  pini.  Later  both  the  hyplue  and  the  cellulose 
lining  may  disappear  and  leave  an  empty  cavity,  thus  producing  a 
pocketed  or  honeycomb  type  of  rot. 

In  the  earlier  stages  of  the  rot  the  diseased  heartwood  surrotmding  the 
white  cellulose  patches  is  of  a  cinnamon  color.  The  wood  at  this  stage 
of  the  rot  is  rather  firm,  contains  small  cellulose  patches  (PL  VII,  fig.  6), 
and  has  vessels  filled  with  colorless  h3rphde  from  6  to  lo/i,  or  even  less, 
in  diameter.  The  white,  cellulose,  oval  areas  gradually  encroach  upon 
the  summer  wood  till  they  extend  from  one  annual  layer  of  vessels  to  the 
next.  By  this  time  much  of  the  cellulose  has  been  absorbed,  and  small, 
distinct  cavities  are  formed.  At  this  stage  of  the  rot  the  diseased  wood  is 
much  lighter  in  weight  and  can  easily  be  broken  into  pieces  between  the 
fingers.  Finally,  a  condition  is  reached  in  which  the  reddish  brown 
rotten  wood  is  very  loosely  held  together  and  tends  to  split  up  into  con- 
centric sheets  corresponding  to  the  annual  rings.  Short  oval  holes  run- 
ning radially  through  two  or  three  annual  layers  of  wood  are  also  common 
at  this  stage.  In  rare  cases  the  cells  surrounding  the  vessels  are  com- 
pletely absorbed,  while  the  summer-wood  fibers  are  delignified  without 
the  formation  of  cavities.  Many  of  the  trees  attacked  by  this  fungus  had 
hollows  in  them,  but  whether  the  hoUow  was  caused  by  this  f  tmgus  or  by 
a  subsequent  attack  of  another  fungus,  as  Hydnum  erinaceus,  could  not 
be  determined.  While  this  rot  is  a  butt  rot  of  the  chestnut,  it  is  also  able 
to  enter  through  dead  limbs  and  thus  produce  a  top  rot.  The  rot  when 
it  enters  by  means  of  a  dead  branch  follows  the  heartwood  of  the  brandi 
down  to  its  juncture  with  the  heartwood  of  the  tree.  The  fungus  then 
travels  both  upward  and  downward  in  the  bole  of  the  tree  (PI.  VIII9 

fig.  1). 

Of  the  chestnut  trees  in  the  region  examined  around  New  Berlin, 
N.  Y.,  fully  75  per  cent  had  tops  attacked  by  this  f tmgus.  This  lai:ge 
percentage  was  probably  due  to  numerous  dead  limbs  on  each  tree,  thus 
affording  the  fungus  ample  opportunity  to  enter  the  tops.  Of  302  felled 
chestnut  trees  which  were  studied  by  the  writer  in  this  region  119,  or 
39.4  per  cent,  had  this  rot  in  the  butts.    This  lai;ge  percentage  of  infection 
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was  mainly  due  to  the  fact  that  practically  all  pi  the  trees  came  from  a 
coppice  growth,  and  if  the  original  stump  was  diseased,  the  later  generation 
of  trees  springing  from  its  base  were  also  infected  through  their  union 
with  the  old  diseased  stump.  Officials  of  the  Unadilla  Railroad  claim 
that  chestnut  ties  having  only  a  small  amount  of  this  rot  in  their  centers 
last  aaly  three  to  five  years  when  placed  in  their  roadbed. 

This  rot  in  the  chestnut  is  apparently  identical  with  the  piped  rot  of 
chestnut  described  by  Von  Schrenk  and  Spaulding.*  Their  description 
of  the  piped  rot  of  the  oak  in  the  same  publication  apparently  includes 
two  distinct  rots;  viz,  this  rot  caused  by  Pdypoms  pilotae  and  the 
common  heart-rot  of  the  oak  caused  by  Pdyporus  dryophilus?  which  is 
also  a  piped  rot  in  one  of  its  stages  and  will  be  described  in  a  later 
publication. 

Rbsui^ts  of  Investigations  op  the  Pookbtbd  or  Piped  Rot 

The  most  common  and  constant  characters  of  this  rot,  taking  all  the 
hosts  into  consideration,  are  the  presence  of  long,  continuous  strands  of 
cellulose,  the  delignified  wood  fibers  and  fiber  tracheids,  and  the  white- 
lined  pockets  so  common  in  the  living  oak  and  chestnut  in  the  early 
stages  of  the  rot.  In  the  white  oak  the  changing  of  the  wood  fibers  into 
cellulose  is  not  so  complete  as  in  the  other  hosts,  so  that  the  wood  is  not 
broken  down  as  much.  In  both  white  oak  and  chestnut  there  are  holes 
which  run  tangential  to  the  tree  through  the  spring  wood  or  radially  from 
one  annual  ring  to  another.  This  condition  is  especially  noticeable  in 
the  older  stages  of  the  rot  in  the  butt  of  the  trees  and  in  the  vicinity  of 
freshly  formed  sporophores  of  the  fungus. 

Sporophores  of  Polyporus  pilotae  were  formed  on  living  white  oaks,  on 
the  ends  of  white-oak  logs  cut  only  one  month,  on  old  logs  which  evidently 
had  been  cut  for  several  years,  on  a  standing  fire-killed  yellow  oak 
(Quercus  veluUna)^  on  a  fallen  and  very  rotten  log  of  Texan  oak  (g. 
iexana),  on  the  trunk  of  a  wind-thrown  scarlet  oak  {Q,  coccinea),  on  old 
dead  logs  of  chinquapin  (Castanea  pumila),  on  the  inside  of  a  hollow  in  a 
living  chinquapin  tree,  and  on  chestnut  trees  (C.  deniata).  In  the  last 
infM^fttirp  the  sporophores  were  resupinate  and  growing  in  the  hollow 
butts  of  the  living  trees.  Of  the  302  chestnut  trees  studied  in  New  York 
119  had  this  rot.  The  average  diameter  of  the  rot  per  tree  was  6.5  inches, 
the  average  diameter  of  the  stump  16.6  inches,  and  the  average  height  of 
the  rot  per  tree  was  5.4  feet.  The  maximum  diameter  and  height  of  the 
rot  in  any  one  tree  was  found  in  a  tree  27  inches  in  diameter.  The  diam- 
eter of  the  rot  in  this  tree  was  20  inches  and  the  height  of  the  rot  was  26 
feet 

1  Sdtfcnk,  Hermann  yon,  and  Spmlding.  Perlcy.  Diseases  olDeciduotis  Forest  Trees.  Bur.  Plant  In- 
dns..  U.  S.  Dcpt.  Act..  BuL  149.  P*  39.  X909- 

*  Hedgoodc  George  O.  Notes  00  some  diseases  ol  trees  in  our  national  forests.  Phytopathology.  ▼.  a, 
■0.  «.  p.  73.  74.  AlW..  I9t». 
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A  compariscm  of  the  average  height  of  this  lot  in  the  chestnut  (5.4  feet) 

with  its  average  height  in  the  white  oak  (3.9  feet)  shows  that  it  extends 

higher  up  the  bole  in  chestnut  than  it  does  in  white  oak.    This  difference 

is  still  further  accentuated  by  the  difference  between  the  average  diameter 

of  the  diseased  chestnut  trees  (16.6  inches)  and  that  of  the  diseased 

:  (25.6  inches).    The  average  age  of  the  chestnut  was  probably 

:oo  years,  while  that  of  the  white  oak  was  about  250  years.     The 

t  and  numerous  vessels  in  the  chestnut  made  it  possible  for  the 

travel  to  greater  heights  in  this  wood  in  a  given  time  than  it 

he  white  oak,  which  is  a  much  denser,  slower  growing  wood.     Of 

le  amount  of  rainfall  and  other  environmental  factors  would 

e  taken  into  consideration  when  comparing  the  relative  heights 

t  in  the  chestnut  and  oak. 

same  area  in  New  York  where  the  chestnut  mentioned  above 
ed,  a  record  was  made  of  477  felled  white  oaks.  Of  this  number 
r  less  than  i  per  cent,  had  the  piped  rot  so  common  in  the 
Its  average  height  in  these  4  trees  was  3  feet,  its  average 
was  8  inches,  and  the  average  diameter  of  the  affected  trees 
ches.  This  small  percentage  of  infection  was  probably  due  to 
that  no  fires  had  been  allowed  in  these  woods  and  therefore 
y  no  opening  into  the  heartwood  of  the  trees  was  offered  and 
ther  fact  that  the  oaks  did  not  originate  from  a  coppice  growth, 
irea  in  Virginia  which  had  been  in  timber  for  about  60  years  the 
^ed  the  stumps  of  565  chestnut  trees  which  had  been  recently 
I  majority  of  these  trees  originated  from  sprouts  and  had  made 
3  growth,  the  average  age  of  the  trees  being  about  50  years.  Of 
liestnut  trees  only  18,  or  3  per  cent,  had  piped  rot  in  the  butts, 
une  area  201  white-oak  stumps  were  also  checked,  of  which 
3,  or  6  per  cent,  had  piped  rot  in  the  butts.  This  area  was  an 
loned  field  which  had  been  used  as  a  pasture  for  many  years 
ir  as  the  writer  could  ascertain,  had  not  been  burned  over  in 

e  of  growth  of  the  various  rots  in  individual  trees,  as  shown  by 
Is  made  in  the  Ozarks,  varies  greatly.  For  instance,  Polyporus 
s  had  been  in  one  white  oak  200  years  and  had  made  a  growth 
of  only  6  inches  during  that  time,  while  the  same  fungus  had 
lother  white  oak  for  50  years  and  had  made  a  growth  in  height 
at  time  of  3  feet.  A  similar  wide  range  in  growth  is  found  for 
•oduced  by  P,  pUotae  in  white  oak,  where  it  was  in  one  tree  for 
I  and  had  made  a  growth  in  height  of  only  6  inches,  while  in 
^hite  oak  the  same  fungus  had  made  a  growth  of  4  feet  in  only 
However,  taking  into  consideration  the  average  and  maximum 
each  of  these  rots  and  their  average  rate  of  growth  in  a  tree,  it 
\  that  they  do  not  grow  with  any  thing  like  the  rapidity — at 
hite  oak — that  might  be  expected. 
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Of  the  1,938  white  oaks  studied  in  the  Ozarks  408  trees  had  this  rot. 
The  average  diameter  of  the  rot  per  tree  was  13.7  inches,  the  average 
diameter  of  the  stmnp  was  25.6  mches,  and  the  average  height  was  3.86 
feet.  The  maximum  diameter  and  height  of  the  rot  in  these  trees  was 
found  in  a  tree  400  yeasts  old.  The  diameter  of  the  tree  was  40  inches, 
the  diameter  of  the  rot  was  36  inches,  and  the  height  of  the  rot  was  24 
feet.  The  oldest  rot  was  280  years  and  was  found  in  a  tree  310  years  old. 
The  average  age  of  the  rot  in  92  trees  was  156  years.  The  average  rate 
of  growth  of  the  rot  was  i  foot  in  height  and  3.5  inches  in  diameter  for 
every  40  years  of  time.  The  youngest  white  oak  found  with  this  rot 
was  180  and  the  oldest  400  years  old. 

The  exact  range  of  this  fungus  is  not  known.  It  is  very  common  in 
oak  and  chinquapin  in  the  Ozark  National  Forest  and  has  been  found  in 
Virginia  on  scarlet  oak. 

Ihe  writer  has  also  examined  authentic  sporophores  (A  this  fungus  on 
the  f blowing  hosts  and  from  the  following  localities: 

"On  underside  of  log"  (resupinate  sporophore),  Pennsylvania;  **on 
log,"  North  Carolina;  "in  hollow  oak  log,"  Ohio;  "on  rotten  oak 
log,"  Indiana;  "on  underside  of  old  log"  (resupinate  sporophore), 
West  Virginia;  "on  dead  oak  logs,"  New  York;  "on  oak,"  North  Caro- 
Una;  from  Iowa,  no  host  given;  "on  punky  chestnut  log,"  no  locaUty 
given;  from  Florida,  no  host  given;  from  South  Carolina,  no  host  given; 
from  Tennessee,  no  host  given;  "on  end  of  log,"  Canada;  "on  oak," 
Canada;  "on  old  logs,"  Canada.  Three  specimens  were  also  seen  from 
Burope,  where  it  is  known  as  Pdyporus  croceus  (Pers.)  Fries:  "On 
living  oak,"  Sweden;  "on  old  oak  and  chestnut,"  apparently  from 
France,  no  locaUty  given;  and  "on  old  oak,"  locality  not  given.  It 
probably  occurs  east  of  the  Rocky  Mountains  in  the  United  States  on 
oak,  diinquapin,  and  chestnut  wherever  the  hosts  grow  and  also  in 
Europe  on  oak  and  chestnut.  It  is  by  far  the  worst  heart-rot  found  in 
chestnut  timber,  occurring  in  this  host  as  both  a  butt  and  top  rot.  It 
stands  second  in  destructiveness  to  white-oak  timber  in  the  Ozark 
National  Forest,  both  as  to  number  of  trees  infected  and  height  attained 
in  the  tree.  Hydnum  erinaceus  is  the  most  destructive  heart-rotting 
fungus  of  the  oak  found  in  the  Ozark  forests  (see  Table  I,  p.  iii).  The 
lot  caused  by  P.  piloiae  was  found  associated  with  the  rot  produced  by 
Hydnum  erinaceus  in  105  trees,  with  string  and  ray  rot  in  3  trees,  with 
Polypants  srUphureus  rot  in  8  trees,  and  with  both  Hydnum  erinaceus  and 
Polypona  sulphureus  rots  in  5  trees. 

The  qxMTOphores  of  P.  piloiae  were  in  an  actively  growing  stage  dtuing 
the  month  of  September  in  the  Ozark  National  Forest.  This  fungus 
usually  enters  the  oak  at  the  base  of  the  tree,  probably  through  fire 
scars  in  most  instances.  The  rot  was  also  found  occasionally  in  the 
tq>per  part  of  the  tree,  while  the  base  was  not  infected.  The  fungus, 
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therefore,  can  enter  the  tree  through  fire  scars  in  the  butt  and  also 
through  broken  branches  or  other  wounds  on  the  bole  and  in  the  top  of 
the  tree.  There  is  also  a  honeycomb  rot  in  oak  and  in  chestnut  caused 
by  a  species  of  Stereum.  This  honeycomb  rot  in  its  earlier  stages  resem- 
bles so  closely  certain  stages  of  the  rot  caused  by  P.  pilotae  that  it  is 
very  difficult  to  determine  which  fungus  produced  the  rot,  unless  the 
sporophores  are  present. 

A   STRING   AND   RAY   ROT   OF   OAKS   CAUSED    BY   POI^YPORUS    BERKELEYI 

The  initial  stage  of  the  string  and  ray  rot  in  the  white  oak  when  seen 
in  a  radial  longitudinal  section  is  characterized  by  the  presence  ol  large 
amounts  of  cellulose  tissue,  causing  the  rotted  wood  to  have  a  yellowish 
white  appearance.  This  stage  of  the  rot  may  extend  for  4  to  8  indies 
longitudhially,  when  it  terminates  rather  abruptly  in  apparently  sound 
wood.  The  cellulose  tissue  is  composed  exclusively  of  delignified  wood 
fibers^  which  constitute  the  bulk  of  the  summer  wood.  The  middle 
latnpiy  have  entirely  disappeared,  so  that  each  delignified  wood  fiber  is 
separate  from  its  neighbor. 

The  next  stage  of  the  rot  is  the  rather  rapid  and  complete  absorption  of 
these  delignified  fibers,  leaving  both  the  spring  and  summer  vessels,  the 
cells  immediately  adjacent,  and  the  medullary  rays  intact.  The  rot  at  this 
stage  is  most  characteristic,  consisting  of  a  rather  dry  mass  ol  medullary 
rays  interwoven  with  long,  flat  strings  of  wood  (PI.  VIII,  fig.  2).  These 
strings  are  sometimes  8  to  10  inches  long  by  one-sixteenth  of  an  indi 
wide  and  consist  of  the  vessels  held  together  by  the  unabsorbed  adjacent 
cells.  The  rot  in  this  stage  is  reddish  brown  and  on  account  of  its  peculiar 
and  characteristic  structure  has  been  named  the  "string  and  ray  rot" 
by  the  writer.  This  second  stage  of  the  rot  may  extend  from  a  few 
inches  to  several  feet  up  the  tree.  At  first  the  flattened  strings  of  wood 
are  rather* tough,  but  this  gives  place  to  a  condition  in  which  the  strings 
get  brittle  and  can  be  crumbled  between  the  fingers  into  a  brownish, 
coarse  powder.  Finally  the  entire  mass  of  rotting  wood  becomes  over- 
run with  a  colorless  mycelium.  In  this  condition  the  rot  is  very  moist, 
almost  wet,  and  consists  of  fragments  of  vessels  and  of  the  medullary 
rays,  interwoven  with  the  colorless  hyphst  of  the  fungus.  It  can  now 
be  compressed  with  the  hands  into  rather  firm  balls  which  may  be  thrown 
with  force  and  yet  will  not  break  into  pieces. 

Finally  the  entire  mass  of  rotted  wood  and  mycelium  gradually  disap- 
pears till  a  hollow  is  left  in  the  base  of  the  tree.  Over  the  surface  of  this 
vanishing  mass  brittle  white  or  creamy  white  layers  of  mycelium  are 
formed,  on  the  undersides  of  which  are  cottony  masses.  Shakes,  chedcs, 
or  worm  holes  in  the  wood  may  have  a  slight  mycelial  felt  in  them. 

The  string  and  ray  rot  seems  to  be  one  of  the  very  few  heart-rots  of  the 
white  oak  capable  of  the  complete  absorption  of  the  heartwood  of  the 
tree,  thereby  producing  hollows.    The  slow  rate  of  travel  upward  in  the 
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tree  compared  to  its  radial  rate  of  growth  and  the  subsequent  rather 
compkte  absorption  of  the  entire  heartwood  in  the  stool  of  the  tree 
produce  a  peculiar  condition  when  the  tree  is  cut.  A  tree  in  which  this 
tot  has  reached  its  last  stages  in  the  stool  ¥rill  be  rotted  to  or  nearly  to 
the  sapwood  for  i  to  3  feet  from  the  ground,  and  such  a  tree  will  fall  as 
soon  as  the  thin  shell  of  sound  wood  is  severed,  carrying  with  it  the  par- 
tially rotted  heartwood,  which  easily  pulls  loose  from  the  badly  rotted 
mass  in  the  stool.  The  butt  end  of  the  felled  tree  will  then  have  attadied 
to  it  a  cylinder  of  rotted  wood  some  i  to  2  feet  long  in  the  string  and 
ray  stage,  thereby  leaving  a  hdlow  stump  in  the  bottom  of  whidi  there 
wiU  be  the  wet,  very  rotten  mass  of  wood  held  together  by  the  threads 
of  mycelium. 

This  rot  has  a  very  strong  but  pleasant  odor,  somewhat  like  that  of 
anise  oil.  This  odor  disappears  after  the  exposure  of  the  rot  to  the  air 
for  several  weeks,  but  is  so  marked  when  the  tree  is  first  cut  that  it  can 
be  detected  at  a  distance  of  from  20  to  30  feet. 

Studies  were  made  of  1,938  white-oak  trees  which  were  cut  for  staves. 
Of  these,  57  had  this  rot.  The  average  diameter  of  the  rot  in  these  57 
trees  was  19  inches;  the  average  height  per  tree  was  3.5  feet;  and  the 
av^iage  age  per  tree  was  280  years.  The  maximum  diameter  and  height 
for  this  rot  in  any  one  tree  were  found  in  a  tree  380  years  old.  The 
diameter  of  the  rot  was  32  inches  and  the  height  was  13  feet.  As  a  rule» 
this  rot  does  not  extend  very  high  in  a  tree,  as  onnpared  to  its  extent  in 
diameter,  and  ends  very  abruptly  in  perfectly  sound  wood.  It  was 
also  found  in  the  butts  of  two  blade  oaks  (QuercHs  veluiina);  the  sporo- 
phores  of  the  fungus  were  seen  several  times  on  the  roots  of  both  white 
and  blade  oaks  which  had  not  been  felled.  The  writer  repeatedly  found 
fcom  one  to  three  sporophores  of  Polyporus  berkeleyi  (PI.  VIII,  fig.  3) 
attached  to  the  roots  of  the  trees  in  which  this  characteristic  heart-rot 
was  present.  The  direct  connection  of  the  rot  in  the  stump  with  the 
q>orophore  could  easily  be  traced  by  following  the  rot  down  into  the 
stool  and  thence  through  the  rotted  heartwood  of  the  root  to  the 
^porophore.    This  was  done  in*  the  case  of  at  least  a  dozen  trees. 

The  youngest  tree  found  with  this  rot  was  170,  the  oldest  500  j^ears 
of  age.  The  rot  was  usually  found  in  mature  and  overmature  trees 
from  25  to  32  inches  in  diameter  which  grew  in  rich  soil  on  north  slcqpes. 
In  6  of  the  stumps  of  the  57  white  oaks  found  affected  with  this  rot  some 
evidence  as  to  the  age  of  the  rot  was  obtained.  The  oldest  rot  was  380 
years  and  was  found  in  a  tree  420  years  of  age.  The  avenge  age  of  the 
lot  in  these  six  trees  was  190  years.  The  average  rate  of  growth  of  the 
rot  was  I  foot  in  height  and  5.4  inches  in  diameter  for  every  60  years 
of  age.  The  fungus  producing  this  rot  usually  enters  the  tree  through 
some  wound  at  the  butt,  such  as  fire  scars.  No  evidence  was  found 
that  it  could  enter  through  broken  branches.     In  no  instance  was  the 
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rot  found  in  the  top  of  a  tree.  It  originates  at  the  butt  and  travels 
upward  in  the  heartwood  of  the  tree. 

Of  the  sporophores  of  Polyporus  berkdeyi  found  by  the  writer  all 
occurred  at  the  base  of  oak  trees,  either  plainly  growing  from  the  exposed 
root  or  on  the  ground  near  the  base  of  the  tree.  In  the  latter  case  a 
careful  examination  of  the  basal  portion  of  the  sporophore  showed  that 
it  was  attached  to  the  roots  of  the  tree.  The  writer  has  never  found 
it  growing  on  the  bole  of  the  tree  above  the  surface  of  the  ground,  though 
it  is  not  impossible  that  it  could  grow  as  brackets  on  the  trunk,  but  il 
is  doubtful  if  it  does.  P,  sulphureus  Fr.  and  P.  schweimtzii  Fr.,  two 
closely  related  polypores  which  produce  heart-rots  in  living  trees,  are 
often  found  growing  on  the  nx>ts  at  the  base  of  the  diseased  trees  as  well 
as  on  the  boles  proper. 

There  was  no  evidence  to  indicate  that  the  fungus  could  fruit  on  the 
trunk  after  the  trees  were  felled,  even  if  the  rot  should  continue  to 
grow  in  the  felled  tree.  A  small  sporophore  was  found  at  the  base  of 
a  20-foot  white-oak  snag,  while  a  laige  sporophore  was  found  at  the 
base  of  a  dead  standing  white  oak,  indicating  that  the  fungus  could 
continue  to  grow  and  fruit  after  the  trees  were  dead.  The  only  external 
evidence  that  trees  are  attacked  by  this  heart-rot  is  the  presence  of  the 
sporophores  of  the  fungus  on  the  roots.  Sometimes  the  base  of  the 
diseased  tree  is  slightly  "swell  butted."  This  last  character,  however, 
is  common  to  trees  attacked  by  other  butt-rots. 

This  rot  was  found  associated  with  the  rot  produced  by  Hydnum 
erinaceus  in  7  trees,  with  the  pocket  rot  caused  by  Polyporus  pilotae 
in  3  trees,  and  with  the  rot  produced  by  P.  sulphureus  in  i  tree. 
Hydnum  erinaceus  was  repeatedly  found  attacking  and  conq)letely 
desttoying  wood  previously  rotted  by  the  following  fungi:  Polyporus 
berheleyi,  P.  pilotae,  Fames  everhartii,  Polyporus  hispidus,  P.  frondosus, 
and  P.  dryofMus,  but  no  evidence  was  found  of  its  attacking  the  rot 
produced  by  P.  sulphureus,  although  it  was  found  associated  with 
this  rot  in  the  same  tree.  Fresh  sporophores  of  P.  berkeleyi  were  com- 
mon during  the  latter  part  of  August  and  probably  could  be  found 
during  Sq>tember.    No  fresh  sporophores  were  seen  in  December. 

The  writer  has  also  examined  authentic  material  of  Polyporus  berkeleyi 
on  the  following  hosts  and  from  the  following  localities:  "At  base  of 
white  oak,"  Canada;  "on  roots  of  living  white  oak,"  Missouri;  from  New 
York,  West  Virginia,  and  Missotui  no  host  was  given;  "from  dead  place 
near  ground  in  living  oak,"  Pennsylvania;  "on  base  of  stump,"  North 
Carolina;  "on  oak,"  New  York;  "on  chestnut,"  New  York;  "at  base 
of  tree,"  Ohio;  "at  base  of  ash  stump,"  Ohio;  "at  base  of  oak  stump," 
Pennsylvania;  from  West  Virginia,  Pennsylvania,  Ohio,  North  Caro- 
lina, and  Canada  no  host  was  given;  "near  roots  ci  large  oak,"  Canada; 
and  ''  under  oak,"  Massachusetts.  Apparently  this  fungus  is  found  only 
in  America.    The  writer  has  never  seen  it  growing  on  anything  but  oak, 
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but  from  the  above  record  it  also  occutb  on  chestnut  and  on  ash,  while 
Dr.  Wdr,  of  the  Office  of  Investigations  in  Fewest  Pathology,  reports 
it  on  larch  in  1913. 

From  the  studies  made  in  the  field  the  writer  finds  no  proof  of  the 
alMlity  iA  this  fungus  to  grow  permanently  as  a  saprc^yte  in  humus 
and  decayed  forest  litter.  All  sporophores  seen  certainly  grew  from 
mycelium  inside  the  living,  diseased  trees  at  whose  base  they  were 
found  and  not  from  mycelium  ramifying  in  and  drawii^;  nourishment 
from  the  soil  or  leaf  litter. 

Weir  rqxMts  ^  the  finding  of  sporophores  of  Polyporus  herkdeyi 
attadied  to  the  roots  of  the  larch  in  Montana,  but  from  observations 
made  in  that  r^on  reached  the  conclusion  that  the  mycelium  ramified 
in  the  deep  forest  litter  and  drew  its  food  from  that  source  as  well  ^c& 
from  the  rotten  roots  to  which  the  sporophores  were  attached.  It  will 
prove  very  interesting  if  this  rot  in  the  larch  should  prove  to  be  similar 
to  that  produced  by  this  fungus  in  the  oak,  especially  since  the  anatom- 
ical  diaracter  of  the  wood  of  these  trees  is  so  different. 

A  STRAW-COLORED  ROT  OF  OAKS  CAUSED  BY  POLYPORUS  FRONDOSUS 

The  initial  stage  df  the  straw-colored  rot  of  the  white  oak  {Quercus 
alba)  is  characterized  by  the  dissolution  of  the  middle  lamellae  and  the 
deligni&ation  of  some  of  the  wood  fibers,  leaving  the  fibers  how  con- 
asting  of  cellulose  free  from  each  other.  (PI.  VIII,  fig.  4.)  TPhe  advanc- 
ing line  of  the  rot  upward  in  the  tree  consists  of  irregular,  rather  indefinite 
white  patches,  conforming  more  or  less  in  size  and  shape  to  the  largest 
medullary  rays,  or  of  narrow  white  bands  projecting  iiito  the  sound 
wood.  Five  or  six  inches  below  the  boundary  line  between  the  advanc- 
ing rot  and  sound  wood  the  color  in  radial  sectioiis  is  more  evenly  white, 
as  the  patches  have  coalesced  more  or  less  at  this  stage.  The'unpolished 
split  surface  feels  velvety,  owing  to  numerous  projecting  free  ends  of 
the  cellulose  fibers.  A  tangential  view  of  the  advancing  line  of  rot 
shows  a  whitish  surface  consisting  of  white  delignified  fibers  interspersed 
with  unchanged  medullary  rays  and  unchanged  or  only  partially  deligni- 
fied vessels  and  their  irtmiediate  adjacent  tissue.  In  cross  section  the 
rot  has  a  whitish  cast  surrounded  by  the  natural  color  of  sound  heart- 
wood. 

The  amount  of  delignified  tissues  in  the  earlier  stages  of  this  rot  is 
much  less  than  that  found  in  the  earlier  stages  of  the  string  and  ray 
rot.  Eight  to  twelve  inches  behind  the  advancing  point  of  the  rot  niimier* 
ous  colorless  hyphse  are  found  in  the  larger  vessels.  At  this  stage 
in  the  rot  some  of  the  delignified  tissue  has  been  entirely  absorbed. 
The  delignification  and  absorption  begin  with  the  irmer  layer  of  the 
wood  fibers  and  proceed  centrifugally,  so  that  the  Itiihen  of  the  cell 
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graduaHy  itu^reases  in  size  as  the  rot  progresses.  Marked  delignifica- 
tion  occurs  in  the  tracheids  and  cells  immediately  adjacent  to  the  larger 
vessels  in  which  the  fungous  hyphs  are  found,  but  the  medullary  rays 
and  waUs  of  the  laige  vessels  are  still  strongly  Ugnified,  as  are  also  the 
numerous  tyloses  seen  in  these  vessels.  The  walls  of  the  tyloses  were 
punctured  in  many  places  by  the  fungous  hyphs.  Six  to  eight  inches 
farther  down,  or  i8  to  34  inches  behind  the  advancing  line  of  the  rot, 
the  rotted  wood  is  soft  and  spongy  to  the  touch  and  is  erf  a  straw  odor. 
In  this  stage  the  rotted  wood  consists  of  partially  chai^;ed  medullary 
rays,  some  unchanged  wood  fibers,  and  ve^els  with  fragments  of  these 
in  various  stages  of  absorption,  all  strongly  permeated  with  fui^us 
hyphae.  Some  medullary  ra3rs  are  still  intact,  while  others  have  their 
outer  radial  cdls  either  partially  or  entirely  delignified  and  absorbed, 
90  that  in  pulling  i^rt  the  rotted  wood  tangentially,  the  medullary 
rays  often  pull  out,  leaving  holes  in  cme  piece  similar  in  size  and  shape 
to  the  rays,  while  the  rays  themselves  remsun  attached  to  the  other 
piece  of  the  rotted  wood. 

The  final  stage  of  the  rot  differs  but  little  from  this  condition,  since  there 
are  still  portions  of  all  the  elements  present  either  unchanged  or  only 
partially  dianged.  The  rotted  wood  b  rather  tough  and  can  be  bent  and 
twisted  without  breaking  if  taken  in  pieces  12  to  18  inches  long  and  4  or  6 
inches  thick.  It  is  mther  soft  and  spongy,  but  the  fungus  apparently 
never  completely  disorganizes  the  wood,  thereby  producing  hollows. 
On  weathering  for  two  or  three  months  the  rot  in  the  tops  of  the  stumps 
and  in  the  ends  of  the  rejected  butt  cuts  turns  reddish  brown  and  becomes 
firmly  agglutinated,  a  condition  so  characteristic  of  this  rot  that  one  could 
identify  the  rot  by  this  feature  alone,  without  the  presence  of  sporophores. 

The  rot  has  no  odor.  A  section  through  the  reddish  discolored  wood 
shows  an  abundance  of  light-brown  hyphs.  The  remnants  of  the  remain- 
ing lignified  tissues  are  also  colored  light  brown.  In  a  freshly  cut  stump 
which  had  this  rot  it  would  be  hard  to  identify  the  rot  in  a  cross  section. 
Even  when  the  wood  is  ^lit  open,  there  are  no  very  pronounced 
macroscopic  characters  to  distinguish  it,  like  the  string  and  my  stage 
of  the  rot  caused  by  Poly  poms  berkeleyi. 

The  f  olloMong  is  a  bri^  description  of  the  gross  appearance  of  this  rot 
caused  by  Polypoms  frondosus,  made  as  soon  as  the  tree  was  cut. 

The  rot  seen  in  a  radial  longitudinal  view  consisted  of  long  white  lines 
advancing  6  to  10  inches  beyond  the  more  completely  rotted  wood  below. 
These  lines  apparently  were  caused  by  the  fungous  hyplue  following  the 
vessels  in  certain  annual  rings.  There  was  a  watery  reddish  discoloration 
or  ''soak''  about  2  inches  in  advance  of  the  white  lines.  The  older  rot 
was  of  a  light-tan  or  straw  color  and  with  a  slight  mycelial  weft  in  checks. 
Some  2  to  6  inches  below  the  upper  end  of  the  white  lines,  white  downy 
masses  of  mycelium  could  be  seen  by  the  aid  of  a  hand  lens  in  the  large 
spring  vessels  situated  in  the  white  Unes.     In  cross  section  the  rot  had  a 
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coarse,  fibrous  surface,  due  to  the  stiff  unabsorbed  ends  of  the  vessels, 
partially  isolated  by  the  absorption  oi  the  wood  fibers  and  the  sub- 
sequent tearing  apart  by  the  saw  when  the  tree  was  felled.  This  fibrous 
diaracter  was  not  evident  except  where  the  tree  was  sawed. 

This  rot  was  identified  in  dhly  12  trees  out  of  the  1,968  white  oaks 
examined.  No  idea  was  obtained  as  to  its  age  in  a  tree,  as  all  of  the  trees 
found  affected  by  it  had  open  scars  at  their  bases.  It  was  apparently 
through  such  scars  that  the  fungus  entered  the  tree.  Sporophores  of 
PUyporus  frondosus  were  found  attached  to  the  roots  of  6  of  the  trees 
in  much  tl^  same  manner  as  those  of  P.  berkeleyi,  usually  on  that  side  of 
the  tree  which  had  the  fire  scar.  The  average  height  in  the  12  trees 
attacked  was  2.3  feet,  the  average  diameter  of  the  rot  12  inches  from  the 
ground  was  14  indies,  and  the  average  age  of  the  trees  attacked  was  270 
years.  The  minimum  age  of  the  trees  attacked  was  220  years  and  the 
maximum  age  was  340  years.  The  maximum  diameter  df  the  rot  in  a 
tree  was  24  inches  and  the  maximum  height  in  the  tree  was  4  feet. 

The  only  external  evidence  of  this  rot  in  a  tree  was  the  presence  of  the 
^mrophores  attached  to  the  roots  of  the  diseased  tree.  The  connection 
between  the  attached  sporophores  and  the  heart-rot  in  the  tree  was 
easily  established  in  every  case.  This  fungus  may  not  continue  to  grow 
in  the  diseased  trees  after  they  are  cut,  for  no  sporophores  have  been 
focmd  on  felled  trees  nor  have  any  been  reported  as  occurring  on  logs.  It 
aeems  to  be  strictly  a  butt-rot,  as  no  evidence  is  known  to  the  writer 
of  its  occurrence  in  the  tops  or  on  the  branches  of  trees.  One  tree  was 
found  in  which  this  rot  was  associated  with  the  rot  produced  by  Hydnvm 
erinaceus.  The  writer  has  also  found  sporophores  of  P.  frondosus  on  the 
roots  of  Quercus  digitata  at  Arlington,  Va.,  and  has  examined  authentic 
lieibarittm  material  of  the  plant  on  the  following  hosts  and  from  the 
following  localities:  "In  evergreen  woods,"  Cuiada;  "under  oak," 
Massachusettes ;  "at  base  of  oak,"  Massachusetts;  "at  base  of  red  oak," 
New  York;  from  Ohio,  no  host  given;  "on  old  stump,"  Ohio;  "at  roots  of 
fallen  oak,"  Ohio;  "at  roots  of  oak,"  Maryland;  "on  dead  trunks, 
*Aceris  negri^' "  Missouri;  "on  roots  of  chestnut,"  Germany;  "on  roots  of 
chestnut,"  Italy;  "on  Casianea  vesca,^*  France;  "at  base  of  large  oaks," 
Saxony;  "at  base  of  trunk,"  Italy;  and  "on  roots  of  chestnut," 
Bcdiemia  (?). 

This  fungus,  which  has  been  known  to  mycologists  for  many  years, 
is  represented  in  neariy  all  the  more  complete  lists  of  European  fungi. 
It  is  evidently  very  widely  distributed,  inhabiting  frondose  woods  in 
North  America  and  Europe,  in  direct  association  with  oak  and  chestnut 
trees. 

The  writer  is  under  many  obligations  to  the  ofiScers  in  charge  of  the 
New  York  Botanical  Garden  for  the  many  courtesies  extended  to  him 
while  there,  and  to  Dr.  W.  G.  Fariow  for  free  access  to  the  Cryptogamic 
Herbarium  of  Harvard  University. 
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DESCRIPTION  OF  PLATES 

VII.  Fig.  I. — Polyporus  pilotae:  A  spofophore  on  the  end  of  a  wfaite-oak  log 
fiDm  Arkansas.    Fboftograph  made  43  days  after  tree  was  felled. 

Fig.  2. — Polyporus  pilotag:  Rot  appearing  in  the  butt  of  a  wfaite-oak 
log  from  Arkansas,  blowing  the  holes  and  white  cellulose  areas  char- 
acteristic of  this  rot  in  a  cross  section  of  a  living  oak. 

Fig.  3. — Polyporus  pilotae:  Radial-longitudinal  view  of  a  white-oak 
log  from  Arkansas,  showing  the  honeycomb  type  of  the  rot  with  the 
white  cellulose  lines  and  elliptical  hollows. 

Fig.  4. — Polyporus  pilotae:  Rot  occurring  in  a  k^  of  Castanea  pumUa 
from  Arkansas;  A,  concentric  layers  of  the  rotted  wood;  B,  white 
cellulose  fibers. 

Fig.  5. — Polyporus  pilotae:  Cross  section  of  a  chestnut  log  from  New 
York,  showing  the  central  circular  rotted  zone. 

Vig.- 6,— Polyporus  pilotae:  Radial-tongitudinal  view  of  the  rot  in  a 
chestnut  log  from  New  York,  blowing  the  white  pocketed  stage. 
HI.  Fig.  z. — Polyporus  pilotae:  Radial-longitudinal  view  of  the  rot  in  a 
chestnut  k^  from  New  Yo/k.    This  rot  enters  at  a  dead  branch  and 
then  moves  down  the  heartwood  of  the  branch  into  the  trunk. 

Pig.  2. --Polyporus  berkeleyi:  Radial-longitudinal  view  of  the  rot  in 
white-oak  timber  from  Arkansas,  showing  the  string  and  ray  form  duor- 
acteristic  of  its  second  stage. 

Fig.  3. — Polyporus  berkeleyi:  A  sporophore  on  a  white-oak  root  from 
Arkansas. 

Fig.  4. — Polyporus  frondosus:  A  sporophore  on  roots  of  white  oakfom 
Arkansas. 
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INDIVIDUAL  VARIATION   IN  THE  ALKALOIDAL  CON- 
TENT  OF  BELLADONNA  PLANTS 

By  Arthur  F.  Sibvbrs, 
Ckmkal  Biologist,  Office  of  Drug-Plant  and  Pouonaut-Plani  Inv€stigaiions,  Buroau 

of  Plant  Industry 

INTRODUCTION 

It  has  kmg  been  leoognized  that  a  necessity  exists  for  the  improvement 
d  the  important  medicinal  plants.  Within  recent  years  agricultural 
science  has  been  largely  concerned  with  the  improvement  of  crops  by 
the  application  of  the  methods  of  plant  breeding,  but  thus  far  practically 
no  attempts  have  been  made  to  extend  these  methods  to  drug  plants 
with  a  view  to  improving  their  medicinal  qualities.  The  chief  aim  in 
applying  such  methods  should  be  to  increase  the  active  medicinal  con- 
stitoents  rather  than  to  improve  the  appearance  of  the  plants.  That 
the  amomit  of  a  chemical  constituent  in  a  plant  can  be  favorably  modified 
by  sdection  has  been  amply  proved  by  work  which  has  been  done  on  the 
SQgar  beet,  and  there  b  reason  to  believe^  therefore,  that  similar  efforts 
with  the  economically  important  medicinal  plants  will  be  attended  with 


One  of  the  first  steps  necessary  to  inaugurate  such  a  plan  is  to  deter- 
ge the  variation  of  the  active  constituents  in  individual  plants  and  the 
extent  to  which  such  variation  is  influenced,  if  at  all,  by  the  various 
Actors  affecting  the  growth  and  cultivation  of  the  plants.  This  article 
^  entirely  with  such  a  study.  The  results  herein  set  forth  furnish  a 
i^  for  the  application  of  the  principle  of  selection  as  the  next  stq>  in 
^solution  of  the  problem* 

Akopa  bdladanna  was  selected  as  a  suitable  plant  with  which  to  work. 
^  it  is  probably  the  most  important  of  the  group  of  solanaccous 
plants  which  dq)end  for  their  therapeutic  action  on  mydriatic  alkaloids. 
^  siq)ply  of  this  plant  in  the  wild  state  is  largely  exhausted  and  future 
supplies  must  necessarily  depend  on  cultivation.  The  alkaloids  which  it 
contains  can  be  definitely  determined  by  chemical  assay,  which  is  a  dis- 
tinct advantage  in  a  problem  oi  this  kind. 

The  writer  wishes  to  emphasize  the  fact  that  the  woric  thus  far  done 
constitutes  but  a  preliminary  stq>  toward  the  implication  of  the  methods 
^  selective  breeding,  which  has  already  been  begun.  Considerable 
^teiest  attaches  to  the  results  presented  in  this  article  because  they 
'V'csent  the  first  extensive  study  of  the  variation  of  the  quantity  of 
alkaknds  in  this  important  economic  plant. 
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VARIATIONS  IN  THE  ALKALOIDAL  CONTENT  OF  LEAVES  OF  DIFFERENT 
BELLADONNA  PLANTS 

MBTHOD  OF  INVBSTIGATION 

The  object  of  this  investigation  was  to  study  the  variation  in  the 
alkaloidal  content  of  the  leaves  of  individual  bdladonna  plants  and  to 
establish,  if  possible,  some  correlation  between  the  appearance  of  the 
plant  and  the  variation  of  active  constituents,  should  any  variation  exist. 
It  was  decided  that  the  plants  to  be  used  for  this  purpose  should  be 
selected  entirely  at  random,  and  they  were  therefore  taken  from  all  sec- 
tions of  the  plat  without  reference  to  size  or  thrif tiness.  This  afforded 
an  opportunity  to  study  the  relationship  of  growth  to  alkaloidal  content 
of  the  leaves.  The  field  work  was  carried  on  at  Arlington,  Va.,  Bell, 
Md.,  and  Madison,  ^s.  The  Arlington  plat  was  the  largest^  and  the 
laige  number  of  plants  at  that  place  f  umkhed  the  most  complete  data. 

The  general  plan  followed  was  to  pick  the  leaves  from  each  plant  at 
different  times  during  the  growing  season  so  as  to  be  able  to  determine 
the  proper  time  of  the  year  in  which  the  leaves  should  be  picked  in  order 
to  insure  the  greatest  percentage  of  alkaloids.  This  should  have  the 
further  advantage  of  showing  whether  individual  plants  which  contain 
an  abnormally  high  or  low  percentage  of  alkaloids  in  the  leaves  at  one 
time  of  the  year  possess  the  same  feature  at  other  times. 

Unfortunately  this  program  could  not  be  followed  the  first  year, 
owing  to  pressure  of  other  work.  In  some  cases,  especially  eaily  in  the 
season,  the  plants  were  too  small  to  furnish  sufficient  leaves  for  an  assay 
without  being  entirely  denuded.  The  smallest  amount  of  dry  material 
that  could  be  used  in  the  assay  was  2  grams,  and  in  order  to  insure  a 
duplicate  assay  it  would  be  necessary  to  have  at  least  25  grams  of  green 
leaves.  Immediately  after  picking,  the  leaves  were  spreeul  out  evenly 
on  a  table  in  a  dry,  well-ventilated  room  until  air-dry.  They  were  then 
{daced  in  small  doth  bags  until  asss^yed. 

The  development  of  this  investigation  has  been  somewhat  retarded 
through  the  loss  of  a  number  of  the  plants  under  observation.  The  loss 
was  especially  severe  in  the  lower  section  of  the  plat,  where  the  drainage 
is  poor.  The  plants  wilted  suddenly  and  rapidly  and  the  roots  became 
entirely  decayed.  The  loss  was  greatest  after  a  prolonged  wet  spell, 
and  after  the  trouble  had  once  manifested  itself  the  plants  only  occa- 
sionally recovered.  Holmes^  says  that  the  cultivation  of  belladonna 
can  rarely  be  continued  beyond  the  third  year,  as  the  increased  weight 
of  the  plants  has  a  tendency  to  split  the  roots,  thus  permitting  the  water 
to  enter  and  rot  them.  This  may  possibly  be  the  trouble  encountered 
here,  but  there  is  little  evidence  to  show  that  the  weight  of  the  plant  or 
mechanical  injury  is  responsible,  as  both  young  and  old  plants  suffered 
from  the  trouble. 

>  HofancB,  B.  M.  The  cultivaUoa  of  mcdidiiAl  pUmti  in  Liacolnahire.  Fhann.  Jour.,  i.  3.  v.  is.  Sept. 
17,  p.  337-339.  x88i. 
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RBSX7LTS  OF  THRSB  YBARS'  OBS8RVATION 

During  the  summer  of  1909  three  rows  of  belladomia  plants  were 
started  at  the  ArUngton  Experimental  Farm  directly  from  field  sowing. 
The  plants  made  a  fair  growth  in  the  late  summer  and  fall,  but  did  not 
bear  seed.  The  following  spring  they  made  a  good  growth  and  34  plants 
were  carefully  staked  out  for  this  investigation.  Since  the  plants  made 
only  a  partial  growth  in  the  preceding  year,  they  were  considered  as  first- 
year  plants  and  are  so  referred  to  throughout  this  article.  The  only 
I»cking  from  these  plants  in  the  first  year  was  made  in  June,  when  most 
of  the  plants  were  in  full  bloom,  although  some  were  bearing  berries  of 
coosiderable  size.  Table  I  shows  the  general  physical  condition  of  the 
plants  and  gives  the  percentage  erf  alkaloids  in  the  leaves  of  each  indi- 
vidual plant. 
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TablS  I. — Description  of  individual  firsi-ytaf  billadonna  plants  and  perctnia^  of 
alkaloids  in  the  leaves  of  each  at  Arlington  Experimental  Farm  in  June,  igio. 
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Since  one  picking  showed  such  a  wide  range  of  variation  an 
24  plants,  35  additional  plants  were  staked  out  the  following 
Twenty-six  of  these  were  in  the  same  plat  as  the  first  plants,  v 
remaining  9  were  in  a  neighboring  plat  on  practically  the  same 
scnl  and  were  separated  from  the  others  by  a  space  of  only  about 
These  9  plants  are  distinguished  in  Table  II  by  the  letter  "  w." 

Table  II  represents  the  results  of  the  second  and  third  years, 
five  pickings  were  made,  extending  from  May  12  to  October  17. 
picking  the  height  of  each  plant  was  measured,  until  the  full 
development  had  been  reached.  At  the  first  picking,  on  May  12 
the  plants  were  not  sufficiently  advanced  to  furnish  samples  0 
Some  of  the  more  advanced  plants  were  beginning  to  have  flow 
May  22,  when  the  second  picking  was  made,  the  plants  were  a 
full  flowering  stage.  The  third  picking  was  made  on  June  17, 1; 
flowering  was  mostly  over  and  the  berries  generally  were  well  de 
The  plants  had  made  considerable  growth  since  the  previous 
but  by  the  latter  part  of  June  they  had  reached  their  maximum 
At  the  time  of  the  fourth  picking,  September  6,  they  had  assun 
characteristic  late-summer  and  fall  appearance.  The  berries  \ 
and  the  leaves  were  small  and  sparse.  At  this  stage  the  piddr 
leaves  is  a  very  tedious  process.  Later  in  the  fall,  after  the  berries 
new  leaves  begin  to  appear  on  the  plant.  Many  of  them  develo 
new  sprouts  which  mature  during  the  summer,  and  not  a  fe^ 
as.  the  result  of  suckers  which  sprout  directly  from  the  roots, 
frequently  been  observed  that  some  plants  develop  so  many 
suckers  that  they  have  the  appearance  of  plants  just  before  fl 
At  this  stage,  October  17,  the  fifth  and  last  picking  was  made. 
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In  1912  the  same  line  of  observation  was  followed  in  connection  with 
the  same  plants  and  the  results  are  also  included  in  Table  II.  Unfor- 
tunately, the  disease  described  elsewhere  killed  fully  one-half  of  the  plants 
by  the  end  of  the  season.  Therefore,  the  results  given  in  the  table  are 
not  as  complete  as  those  of  the  previous  year,  especially  with  regard  to 
the  fourth  and  fifth  pickings.  The  stages  of  growth  at  which  the  pickings 
were  made  correspond  closely  to  those  of  the  previous  year,  as  the  dates 
indicate. 

At  the  drug-testing  garden  at  Bell,  Md.,  where  the  soil  is  quite  different 
from  that  at  Arlington  Experimental  Farm,  19  individual  plants  were 
under  observation  and  three  pickings  of  leaves  were  made.  Owing  to  a 
delay,  no  picking  was  made  at  the  time  of  the  first  picking  at  Arlington, 
although  the  plants  at  both  places  were  at  the  same  stage  of  development. 
Consequently,  the  picking  on  May  27,  which  is  designated  as  the  first  at 
Bell,  corresponds  to  the  second  picking  of  the  Arlington  plants.  Table 
III  shows  the  results. 


TablB  III. — Description  of  individual  Mladonna  plants  and  percentage  of  alkaloids  in 
the  leaves  of  each  at  different  stages  cf  growth,  at  Bell,  Md,,  in  igil. 


Dcscriptioii  of  plant. 

Alkaloids  (per  ccnw- 

PbmtNo. 

Number 
ofitcnu. 

Height  (inches). 

Mmy.7. 

June  92.         pic 

int 
y»7. 

SccQod 
piddng 

Thifd            Av 
pkidnt              { 
Oct.  17.           sea 

ISOIl. 

z 

5 

aa 

aa            a 

329 

aa88 

a4aa          a 

346 

a 

4 

19 

aa 

474 

•502 

.395 

457 

3 

8 

ao 

24 

48s 

.408 

.64Z 

5" 

4 

4 

23 

a6 

639 

.686 

.570 

632 

5 

3 

34 

24 

6S9 

.637 

.415 

570 

6 

a 

as 

24 

S77 

.637 

•559 

fa4 

7 

4 

23 

24 

6S4 

.7aa 

.48a 

619 

8 

3 
3 

as 
24 

24 

467 
5a6 

.464 
•595 

466 

■477 

9 

a6 

.350 

10 

6 

23 

a6 

752 

.600 

.418 

590 

zx 

4 

IS 

z8 

S7I 

.485 

•579 

545 

Z2 

5 
5 

a6 

38 

548 
695 

.424 
•750 

,486 
677 

13 

aa 

24 

.S87 

Z4 

5 

37 

30 
18 

407 
436 
466 

.605 

506 
443 
456 

IS 
z6 

3 
5 

z6 

.448 
•5" 

30 

a8 

•390 

17 

7 

28 

30 

8a3 

.665 

•527 

675 

z8 

6 

ZZ 

34 

754 

.689 

.502 

iM 

19 

6 

24 

aa 

78a 

.783 

.556 

7«7 
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At  the  drug-testing  garden  at  Madison,  Wis.,  observations  similar  to 
those  at  Arlington  have  been  made  for  two  years,  and  the  results  are 
given  in  Table  IV.  The  first  nine  plants  were  under  observation  in  191 1 
and  1 91 2,  while  the  last  eight  were  sent  to  Madison  from  Arlington  as 
young  seedlings  in  the  spring  of  191 2.  No  notes  were  taken  of  the  indi- 
iddual  plants  with  regard  to  height,  spread,  and  number  of  stems,  since 
they  were  all  very  much  alike.  Each  plant  acquired  a  height  of  about 
2  feet  and  had  an  average  of  three  or  four  stems  each. 

The  stflffes  of  <miwth  at  which  these  pickings  were  made  correspond 
second,  and  third  pickings  at  Arlington,  irrespective 
Madison  is  farther  north  than  Washington,  the  plants 
ring  than  in  the  vicinity  of  Washington  and  did  not 
ring  stage  until  in  July  or  early  in  August. 
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RBLATION  OP  THE  ALKAW)IDAL  CONTENT  OF  THE  LEAVES  TO  THE  STAGE 
OP  GROWTH  OP  THE  PLANT 

Opinicais  have  been  expressed  from  time  to  time  as  to  the  proper 
stage  in  the  growth  of  the  belladonna  plant  at  which  the  leaves  should 
be  picked  in  order  to  insure  the  greatest  percentage  of  alkaloids.  Owing 
to  the  standard  required  by  the  Pharmacopoeia,  this  is  a  question  of  no 
smaU  economic  importance.  Gerrard  ^  has  found  that  the  plant  is 
not  rich  in  alkaloids  before  flowering,  but  that  the  full  development 
is  reached  at  the  period  of  flowering  and  is  maintained  in  both  the  roots 
and  leaves  into  the  fruiting  season. 

The  large  number  of  assays  of  the  leaves  of  individual  plants  here 
involved  presents  exceptional  opportunity  for  the  study  of  the  above 
question.  The  proper  season  for  the  picking  of  belladonna  leaves  does 
not,  however,  depend  entirdy  on  the  percentage  of  active  constituents 
present.  This  will  become  very  evident  when  the  data  at  hand  are 
thoroughly  interpreted.  Table  V  shows  in  condensed  form  the  number 
of  plants  in  which  there  was  an  increase  or  decrease  in  the  percentage 
of  alkaloids  in  the  leaves  at  the  various  pickings. 

TABI.B  V. — Number  of  belladonna  plants  which  showed  an  increase  or  decrease  in  per" 
centage  cf  alkaloids  in  the  leaves  at  the  second,  third,  fourth,  and  fifth  pickings  at 
compared  with  the  preceding  picking  at  Arlington  Experimental  Farm  in  igii  and  igi2* 


State  ol  frowth. 


Second  picking. 
Third  picking.. 
Fourth  pickii^. 
Fifth  picking. .. 


Season  o<  19x1. 


Total 
number 

of 
plants. 


70 
60 

54 
56 


Number  o<  plants 
idudi  showed— 


Increase.    Decrease. 


•38 

40 
8 


3a 
35 
14 
48 


Season  Oi  19x3. 


Total 
number 

of 
plants. 


59 
53 
32 
23 


Number    of    plants 
whtdi  showcdr— 


Increase.    Decrease. 


16 

34 
20 

4 


43 
29 
la 
19 


\ 


Table  V  shows  that  in  191 1  the  leaves  of  most  of  the  plants  were 
richer  in  alkaloids  at  the  second  picking  than  at  the  first,  which  is  in 
accord  with  the  observations  of  Gerrard,  already  noted.  In  1912, 
however,  the  opposite  is  true.  It  will  be  seen  further  that  in  the  fourth 
picking  of  both  years  the  greatest  number  of  plants  showed  an  increase 
in  the  alkaloidal  content  of  their  leaves.  Referring  to  Table  II,  it  is 
seen  that  in  the  fourth  picking  in  191 1  the  average  quantity  of  alkaloids 
for  the  leaves  of  all  the  Arlington  plants  was  0.633  per  cent,  or  m«re 
than  one-tenth  of  i  per  cent  than  at  the  flowering  stage.     In  1912,  at 
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this  same  stage,  the  average  was  0.568  per  cent  61  alkaloids,  wlrid»  is 
0.065  per  cent  higher  than  the  average  at  the  flowering  stage,  although 
lower  in  this  case  than  at  the  early  stage.  There  appears  to  be  but 
a  ^ght  difference  so  far  as  the  alkaloidal  content  is  concerned  between 
the  flowering  stage  and  the  early  fruiting  stage.  At  the  last,  or  ^h, 
picking,  the  plants  had  acquired  much  new  growth  and,  judging  from 
the  average  results,  the  percentage  of  alkaloids  present  in  the  leaves  at 
that  stage  was  not  much  different  from  the  second  and  third  stages. 

Although  the  experiments  show  that  the  leaves  are  richest  in  alkaloids 
at  the  late  fruiting  stage  of  the  plant,  collection  at  that  time  for  commer- 
cial purposes  is  practically  out  of  the  question  because  the  leaves  are  of 
very  small  size.  After  the  flowering  period  is  over  and  the  berries  are 
ripening  many  of  the  large  leaves  fall  off  and  numerous  smaB,  bractlike 
leaves  develop.  These,  while  apparently  rich  in  alkaloids,  could  not  be 
picked  to  advantage  in  large  quantities. 

RELrATlON  OP  SIZB  AND  APPEARANCE  OF  PLANTS  TO  ALKALOIDAL  CONTENT 

OF  LEAVES 

When  this  investigation  was  first  undertaken  it  was  hoped  that  some 
relationship  might  be  found  to  exist  between  the  physical  appearance 
<A  the  plants  and  the  alkaloidal  content  of  their  leaves,  for  should  such 
relationship  exist  the  process  of  distinguishing  between  the  good  and  the 
poor  plants  with  regard  to  their  active  constitutents  would  become  a 
much  simpler  matter  than  by  use  of  the  assay  method,  since  the  latter 
is  necessarily  tedious. 

The  variations  in  the  physical  appearance  of  belladonna  plants 
depend  largely  on  the  height  and  the  number  of  stalks  or  stems.  When 
height  is  rrferred  to  here,  the  actual  length  of  the  stems  from  the  ground 
to  the  tips  is  meant  rather  than  the  vertical  distance  of  the  topmost 
branches  from  the  ground.  This  distinction  is  necessary  because  many 
of  the  branches  droop  or  grow  at  an  angle.  The  spread  of  the  plant; 
that  is,  the  distance  around,  is  largely  dependent  upon  the  angles  at 
which  the  branches  are  growing  and  on  the  number  of  stems  of  the 
plant.  The  height  of  the  plant  and  the  number  of  stems,  therefore,  are 
the  two  distinguishing  features  as  r^;ards  size.  These  indicate  also 
the  relative  health  and  vigor  of  the  plant.  An  attempt  was  made 
to  differentiate  between  various  types  of  leaves,  with  reference  to  size 
and  color  and  between  different  tjrpes  as  regards  blooming  and  fruit- 
ing tendencies.  It  was  found  difficult,  however,  to  find  individuals 
which  conformed  definitely  to  any  particular  type.  Where  certain 
characteristics  existed  they  were  not  as  a  rule  general  over  the  entire 
plant,  but  were  usually  found  on  only  one  side  or  on  only  certain  stems. 
Thus,  in  some  cases,  one  or  two  stems  of  a  plant  bore  what  appeared  to 
be  leaves  of  a  larger  size  than  usual  and  of  a  different  shade  of  green, 
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wfaile  Hk  ranunder  of  the  plant  was  in  every  respect  like  most  ol  tfae 
other  plants.  The  same  would  be  tme  of  the  number  of  flowers  and  ber- 
ries. In  such  cases  it  ocNild  not  be  assumed  that  the  plant  represented 
wasf  special  t3rpe.  It  was  also  notioed  that  some  of  these  dktinctive 
features  weie  subject  to  gradual  changes,  so  that  their  distinctiveness 
was  soon  lost. 

While  the  number  of  plants  that  have  been  under  obsai^aticm  was 
probably  not  suJBSdently  large  to  show  conclusively  that  there  is  no 
definite  correlation  between  physical  appearance  and  active  medicinal 
properties  in  the  leaves,  yet  from  the  data  at  hand  such  a  condition  is 
at  least  indicated.  Henderson/  in  commenting  on  the  great  variation 
in  the  ftiValniHal  content  of  different  lots  of  belladonna  roots,  points  out 
that  appearance  is  no  criterion  of  the  quality,  the  best  appearing  roots 
being  often  the  poorest  in  medicinal  value. 

To  show  by  actual  examples  that  there  is  apparently  no  relation 
between  the  appearance  of  the  plant  and  its  alkaloidal  content  it  is 
necessary  only  to  refer  to  the  tables.  For  example,  in  Table  I  plant  No. 
10  has  a  height  <rf  42  inches  and  a  spread  of  ^yi  by  4^  feet;  in  fact,  it  is 
the  largest  plant  in  the  list,  yet  its  leaves  contain  only  0.536  per  cent  of 
alkaloids,  which  is  a  trifle  less  than  the  average  of  all  the  plants.  On 
the  other  hand,  plant  No.  8,  which  is  only  half  as  high  and  much  smaller 
in  spread,  shows  0.657  per  cent  of  alkaloids  in  its  leaves.  Again,  in 
Table  II  (season  of  191 1)  plant  No.  15  is  the  largest  in  the  plat  in  point  of 
height,  yet  its  leaves  assayed  only  0.494  P^  <^i^t,  or  less  than  the  average 
quantity  of  alkaloids.  A  similar  statement  may  be  made  in  regard  to 
large  plants  Nos.  4,  43,  45,  and  46,  while,  on  the  other  hand,  the  leaves 
of  the  compatatively  small  plants,  Nos.  21,  29,  and  iw,  contained  0.630, 
a756,  and  0.682  per  cent  of  alkaloids,  respectively.  The  data  show 
that  in  the  following  year  these  same  plants  failed  again  to  compare 
favorably  with  otheis  as  r^;ards  size,  yet  the  percentages  of  active 
oonstitoent  in  their  leaves  stand  out  prominently  above  the  average. 
However,  plants  can  be  pointed  out  in  the  same  table  which  are  larger 
and  apparently  more  vigorous  than  the  average  and  which  also  contain 
above  the  average  percentage  of  alkaloids  in  their  leaves.  The  lade  of 
correlation  is  therefore  very  evident. 

VARIATION   AMONG  PLANTS 

Among  the  facts  Inpought  out  by  this  investigation  probably  the  most 
important  is  the  great  variation  in  the  percentage  of  alkaloids  found  in 
the  leaves  of  indmdual  planits  at  each  of  the  three  testing  gardens. 
That  some  variation  should  exist  was  to  be  expected,  since  variations 
are  often  noted  in  the  diemical  constituents  of  different  plants  of  many 
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other  spedes.    The  knowledge  of  the  existence  of  such  individual  varia- 
tions should  have  an  important  bearing  on  the  question  of  the  improve- 
ment <A  drug  plants  by  selection  and  cultivation. 
To  show  the  great  variation  found  among  the  comparatively  limited 
aber  of  plants  under  observation  Table  VI  is  here  presented. 

iLS  VI. — Range  of  variation  in  percentage  of  alkaloids  in  the  leaves  of  belladonna 
^ants  at  each  stage  of  growth,  at  Arlington,  Madison,  and  Bell  stations,  in  different 
orr. 


ADcaloidal  content  ol  the  lemves  (per  cent). 

Stafe  of  growth. 

Arhngton.  Vft. 

Madison.  T^. 

BcILMd. 

Z9ia 

X9ZI. 

Z9Z9. 

X91X. 

Z9Z9. 

X9«. 

High. 

Low. 

High. 

Low. 

High. 

Low. 

High. 

Low. 

High. 

Low. 

High. 

Law. 

r<<*Mnf     .      , 

0.85a 
.879 
.9*5 
.«9« 
•733 

0.303 
.963 

••77 
•3" 
.900 

0.869 
.747 
.88a 
.806 
.678 

0.404 
.99a 
.3*8 
•359 
.996 

0.580 
.8ao 
.767 

0.4x8 
•4*7 
.4x9 

0.500 
.5x9 

0.968 
.3x6 

0.893 
•763 
•7SO 

o.3«9 
.988 

id  picking 

ObToo 

©•M4 

1  ifirlting          

'9K 

th  picking 

H^tig. . . 

.766 

.306 

.768 

•353 

.665 

•430 

•45a 

.3x9 

.707 

.346 

ATcrage. ..........X.I 

.a4i 

.977 

.79a 

•339 

.706 

•433 

.490 

•»9» 

.766 

•339 

'rom  this  tabulation  it  appears  that  the  active  principle  is  more  than 
te  times  as  great  in  the  leaves  of  some  plants  as  in  those  of  otheis 
;he  same  period  of  growth,  although  the  plants  are  in  the  same  plat 

therefore  grow  practically  in  the  same  soil  and  under  the  same 
latic  conditions.    Under  such  circumstances  the  existing  variation 

hardly  be  attributed  to  anything  but  the  inherent  characteristic  of 
individual  plant.  Much  has  been  written  concerning  the  influence 
oil  and  climate  on  the  formation  of  alkaloids  in  the  plants.  Gerrard  ^ 
found  that  a  chalky  soil  favors  the  formation  of  atropin.  Cheva- 
'  concludes  from  his  experiments  with  fertilizers  that  the  alkaloidal 
tent  of  certain  Solanaceae  can  be  increased  by  means  of  nitrates  and 
nyard  manures.  Ransom  and  Henderson,'  however,  who  are  working 
ig  the  line  of  Chevalier's  experiment,  have  not  found  thus  far  that 
ficial  manures  materially  affect  the  percentage  of  alkaloids  in  the. 
A  leaf,  but  note  in  several  cases  a  large  increase  in  the  yield  of  the 
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gieen  plant  per  acre.  Carr  ^  claims  to  havQ  found  a  certain  relationship 
between  the  amount  of  sunshine  during  the  growth  of  the  plant  and  the 
percentage  of  alkaloids  found  in  the  stems  and  leaves,  claiming  that 
l^enty  of  sunshine  and  limited  rainfall  have  a  tendency  to  stimulate  the 
production  of  alkaloids. 

Although  soil  and  dimate  may  have  considerable  influence  on  the 
alkaloidal  content  of  plants,  yet  to  establish  this  as  a  fact  beyond  all 
doubt  is  a  difficult  matter  because  of  the  individual  variation  involved. 
Until  experiments  have  been  conducted  upon  a  large  number  of  plants 
which  show  a  minimum  variation  in  their  alkaloidal  content,  nothing 
definite  can  be  said  upon  this  point.  In  working  with  a  limited  number 
o(  plants  collectively,  an  abnormally  low  or  high  percentage  of  alkaloids 
in  the  leaves  of  a  few  might  so*a£fect  the  yield  as  to  make  the  average 
entirely  misleading.  Likewise,  this  individual  variation  becomes  an 
important  matter  in  the  sampling  of  large  quantities  of  leaves  and  roots. 
In  order  to  secure  a  reliable  sample,  it  should  be  of  considerable  size  and 
selected  only  after  the  leaves  or  roots  have  been  thoroughly  mixed. 

INDIVIDUAL  VARIATION  THROUGH  SEVBRAL  SEASONS 

Having  definitely  established  the  fact  that  great  variations  exist  in 
the  alkaloidal  content  of  the  leaves  of  individual  plants,  the  question 
remains  to  be  answered  whether  such  variations  exist  only  during  one 
growing  season  or  whether  they  manifest  themselves  in  the  same  propor- 
tion in  following  seasons.  If  plants  which  are  rich  in  alkaloids  one  season 
are  correspondingly  poor  the  following  season,  then  it  is  logical  to  assume 
that  the  production  of  alkaloids  in  the  plant  is  dependent  on  factors 
which  change  from  year  to  year.  If  it  Were  definitely  known  what  r61e 
the  alkaloids  play  in  the  metabolism  of  the  plant,  it  might  be  easier  to 
determine  what  factors  influence  their  development.  As  has  been 
shown,  the  physical  appearance,  or,  in  other  words,  the  vitality  and 
growing  po¥^r  of  the  plant,  appears  to  bear  no  definite  relation  to  the 
development  of  alkaloids.  Furthermore,  if  soil  and  climate  are  the 
potent  factors,  then  their  influence  ought  to  be  felt  by  all  plants  alike 
when  all  are  grown  on  similar  soil  and  in  the  same  locality.  Such, 
however,  has  been  found  not  to  be  the  case,  and  reference  to  the  tables 
shows  that  there  were  plants  rich  and  poor  in  alkaloids  in  every  year 
during  which  the  observations  extended.  On  the  other  hand,  if  it 
sdiould  be  found  that  a  plant  with  leaves  containing  an  unusually  high 
or  low  percentage  of  alkaloids  in  one  season  shows  the  same  characteristics 
in  following  years,  it  would  be  safe  to  assume  that  there  is  a  definite  tend- 
ency in  that  plant  to  produce  a  small  or  a  large  quantity  of  alkaloids  in  the 

>  Our.  P.  H.    The  effect  ol  cultivation  upoa  the  allraloMal  content  o<  Atropa  belladonna.    Chwniat 
and  Drncsitt.  ▼•  ^'  <m>.  1703.  p.  4>'vi4.  Z9i3' 
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course  of  a  season's  growth,  ^t  as  in  other  plants  there  are  wdl-defined 
tendencies  toward  certain  physical  characteristics. 

This  investigation,  however,  has  hardly  progressed  far  enough  to  yield 
any  definite  conclusions.     In  Table  VII  a  comparison  is  made  between 


Fn.  I.— DUgram  thowinc  the  peroenUse  of  alkaloids  in  thd  eaves  61  indiTidual  belladonna  plants 
at  the  ArMncton  Bxpcriaiental  Fann,  Va.,  during  the  sessona  of  191X  and  X9xa. 

the  years  191 1  and  191 2  of  the  59  plants  grown  at  Arlington,  showing 
the  variation  of  alkaloidal  content  above  and  below  the  average  for  each 
of  the  years  mentioned.  Figure  i  shows  graphically  the  seasonal  com- 
parison. 
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Tabus  yni,--rPmmkig€  tf  amahids  obavt  mnd  below  the  m^rofe  ^  m  ih^ 
vidual  beUaionnm  plants  at  Arlington,  Va,,  in  igii  and  igi2. 

(Theficwcs8iv<taas«b«wl4ntkesMao«a:TcniCcto(a]lt]Mpiddfifs.    In  euh  cf  the  40  plants  doifiuited 
liy  •  itar  (^  the  percentage  61  alkaloids  above  or  bdow  the  avcrasc  of  the  entire  lot  in  xpxz  varka  by 
ef  z  per  cent  from  that  in  zgxa.] 


Plant  No. 


Alkaloidf  above 
(+)  or  below  (-) 
the  average  (per 
cent). 


Z9Z9. 


Plant  No. 


ADcalfrfds  aboTe 
(+)  or  below  (~) 
the  average  (per 
cent). 


3'. 
4*. 
5.. 
«•. 
7.. 

a*. 
»•. 

iz.. 
za*. 
13.. 
14*. 

15*. 

XI.. 

»z». 


.3». 

a?.. 
3CJ*. 


Ob  233 

-0.044 

.179 

+ 

.o»3 

.zas 

- 

.zz6 

.OZ4 

+ 

.OZ4 

.047 

— 

.07Z 

.008 

- 

•073 

.070 

- 

.o8z 

.064 

+ 

•X44 

.048 

- 

.Z16 

.099 

- 

.zas 

.087 

- 

.055 

.Z09 

+ 

.093 

.Z07 

— 

.093 

.044 

— 

."S 

.038 

+ 

.005 

.077 

+ 

.086 

.0S9 

+ 

.otf 

.0x9 

— 

.OIZ 

.005 

— 

•OS9 

.036 

+ 

.X33 

.098 

+ 

•X99 

.078 

+ 

.041 

.za9 

•    — 

•144 

.z6a 

.•a6 

— 

.056 

•^5 

+ 

.z6z 

.090 

+ 

.zzz 

.OZ9 

+ 

.oa7 

•aa4 

+ 

.159 

.009 

+ 

.oa7 

3Z... 
3a*.. 
33*.. 
34*.. 
35-  • 
36*.. 
37*. . 
3«*.. 
39*.. 
40*.. 
41*.. 
4a... 
43*.. 
44*.. 
45*.. 
46*.. 
47*. . 
48.  . 
49*.. 
SO... 
iw».. 
•w*.. 
SW».. 
6w*.. 
7W*.. 
8w.. 
9W*.. 
xo^. 


.006 

.046 
.zz8 
.  zoa 
.086 
.0x7 
.063 
•MX 
.098 

.  XQ4 
.COX 

.033 
•043 
•044 
.Z4a 
.•79 
.os« 
.094 
.005 
.Z50 

.OOX 

.05a 

•934 
.Z7a 
.045 
.oz8 
•055 


— 0.00J 
+  .044 

-  -139 
+  .071 

-  .060 
+  .«» 
4-  .o6z 

-  .o?a 

-  .oca 
-.076 
+  .134 

-  .OZ9 

-  .08a 
-.08s 

-  .139 

-  .040 

-  .083 
-.064 

-  .19a 
+  .174 

+  '•!$ 

+  .08X 
+  .a4S 

+  .X97 


+  .06s 


>  Average  for  X9xz,  o-saa  per  cent;  for  X9xa,  0.545  P^  c*nt. 

In  the  plants  in  Table  VII  there  are  a'number  which  are  conspicuous 
because  of  the  high  or  low  percentage  of  alkaloids  in  their  leaves.  Plants 
Nos.  3,  23,  34,  and  46  are  without  doubt  greatly  inferior  to  the  others 
from  a  medicinal  point  of  view.  On  the  other  hand,  Nos.  21,  29,  iw, 
6w,  and  /w  are  greatly  superior  to  any  others  in  the  list.  Furthermore, 
these  plants  manifested  the  same  characteristics  not  only  on  the  average 
but  at  each  picking.  The  recapitulation  given  in  Table  VIII  shows 
this  very  clearly. 
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VoL  I.  No.  • 


Tabls  Will.— Alkalaidal  conUnt  of  the  kavss  of  \Madonna  plants,  rich  and  poor  in 
alkaloids,  at  various  stages  of  growth,  in  igii  and  igi2. 


B  of  crowth 
»kkiog). 

No.  3. 

No.  33. 

No.  34. 

No.  46. 

X9XX. 

X9xa. 

X9XX. 

X9xa. 

X9XX. 

X9xa. 

X9IX. 

xpn. 

0.384 
•375 
••77 
•549 
•45« 

a496 
.366 
•34« 

0.335 

0.337 
.a8s 
.308 
.588 
•43X 

0.4x8 

0.3M 
.448 
.448 

0.348 
•354 
.487 
.4*5 

.     o.a9a 
•S«o 

•334 
.480 
48^ 
•3X4 

.5»6 
•S3* 

.900 

'ren^e 

•407 

.4^ 

•4^ 

.40X 

•4x4 

.406 

•390 

.406 

Plants  with  Imvm  6L  high  alkaloirtal  cootnt  (per  cent). 

•ddng). 

No.  ax. 

No.  19. 

No.  xw. 

No.  6w. 

No.rw. 

X9XX. 

X9XS. 

X9XX. 

X9ia. 

X911. 

X9xa. 

X9XX. 

X9xa. 

X9XX. 

X9xa. 

0.73* 
.7x9 
.78X 

0.737 
•647 
•7*9 

0.638 
.^5 
•587 
.738 
.6xa 

0.737 
.64a 
.777 

0.596 
•879 
.9a5 
.7XX 
•7a» 

0.847 
.747 
.88a 

.804 
•558 

0.558 
.851 
.83a 
•7*7 
•571 

0.78a 

0.535 

•633 
.669 
.684 

a  655 
.9x4 
.908 

•547 

.666 

.646 

•  694 

•573 

^en«e 

.630 

•744 

.756 

•704 

.6Ba 

.7x9 

.766 

.768 

•704 

.67a 

SUMMARY 

mi  the  point  of  view  of  the  percentage  of  alkaloids  present  in  the 
s  and  the  quantity  of  material  available,  the  leaves  can  be  picked 
st  advantage  from  the  time  of  flowering  until  the  early  berries  b^^ 
en.  Although  the  leaves  are  richer  in  alkaloids  later  in  the  season, 
are  then  too  small  and  sparse  for  harvesting. 
us  far  nothing  has  been  found  to  indicate  that  any  correlation 
1  between  the  physical  appearance  of  the  plant  and  the  alkaloidal 
nt  of  its  leaves.  Luxuriant  growth  is  by  no  means  a  criterion  of 
ledicinal  value  of  the  plant. 

I  variation  of  the  percent£^g;e  of  alkaloids  in  the  leaves  of  the  dif- 
:  plants  is  exceedingly  large.  This  makes  it  a  difficult  matter  to 
[nine  to  what  extent  soil  and  climate  influence  the  development  of 
>ids.  Where  such  wide  variations  exist  among  individual  plants, 
»ting  of  a  general  sample  from  all  plants  collectively  is  not  always 
\  means  of  judgment. 

considerable  number  of  plants  with  leaves  rich  in  alkaloids  in  one 
1  are  fotmd  to  have  equally  rich  leaves  in  the  following  season, 
ermore,  they  frequently  manifest  the  same  characteristics  at  the 
IS  stages  of  growth  during  the  season  in  comparison  with  other 
>.  The  same  facts  are  true  with  regard  to  plants  which  bear  leaves 
I  low  percentage  of  alkaloids. 
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THE  PUBESCENT-FRUITED  SPECIES  OF  PRUNUS  OF 
THE  SOUTHWESTERN  STATES 

By  Silas  C.  Mason, 
ArbaricuUunsi,  Crop  Physiology  and'Br§eding  Investigations,  Bureau  of  Plant  Industry 

INTRODUCTION 

The  species  of  the  genus  Pninus  described  in  this  article  occupy  a 
unique  portion  in  the  flora  of  the  western  United  States  from  the  fact 
that  their  relationship  with  the  wild  plums  of  the  country  is  remote 
and  they  are  more  dosely  allied  to  some  of  the  Asiatic  species  of  this 
genus.  • 

Their  economic  importance  arises  chiefly  from  their  close  adaptation 
to  the  climatic  and  soil  conditions  of  the  Southwest,  where  fluctuations  of 
heat  and  cold,  severe  drought,  and  considerable  alkalinity  of  the  soil 
must  be  endured  by  most  tree  crops. 

Adaptable  stocks  for  the  cultivated  forms  of  Prunus  capable  of  meeting 
such  conditions  are  eagerly  sought.  Species  with  such  characters  which 
are  capable  of  being  hybridized  with  the  old-established  cultivated  forms 
of  the  genus  offer  attractive  possibilities  to  the  plant  breeder.  This  is 
especially  true  of  the  one  edible-fruited  form,  Prunus  texana,  which 
affords  in  aroma  and  flavor  of  fruit  most  attractive  characters  for  combi- 
nation with  other  stone  fruits  of  larger  size  and  more  staple  commercial 
diaracter. 

Instead  of  forming  a  homogeneous  group,  as  has  usually  been  be- 
fieved,  these  species  fall  into  small  groups  of  quite  diverse  character 
and  affinities.  To  the  plant  breeder  and  student  of  their  economic 
possibilities  these  relationships  are  of  such  importance  that  the  following 
detailed  study  of  them  is  deemed  essential  to  an  intelligent  use  of  them 
in  plant-breeding  work. 

Jn  parts  of  the  country  beyond  the  Rocky  Mountains  a  few  ranchmen, 
ocbaaonally  a  solitary  mining  prospector,  and  a  few  local  botanists 
kndw  of  curious  bushy  plants  growing  in  desert  wastes  having  plumUke 
banc  and  twigs,  oddly  shaped  leaves,  and  small  downy  fruits  with  thin 
dry  flesh  which  have  won  for  them  the  local  names  ''wild  almond" 
in  the  Great  Basin  region,  "wild  peach"  or  "desert  almond"  for  another 
form  in  the  Mohave  Desert,  and  "wild  apricot"  or  "wild  almond"  for  a 
third  form  in  the  foothills  bordering  the  Salton  Basin  in  southern 
Califomia. 

A  fourth  form  has  been  known  for  many  years  to  the  pioneers  of 
eastern  Texas,  who  have  enjoyed  eating  the  "wild  peach"  of  their  sandy 
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country,  the  only  reaOy  edible  fruit  of  the  group.    He 
is  still  strangely  ignored  by  horticulturists  and  botanist 

A  fifth  form,  growing  in  the  limestone  plains  of  central 
and  inedible  fruit  which  has  not  sufficiently  attracted  the 
cattlemen  and  goat  herders*in  this  sparsely  settled  r^o 
name. 

A  sixth  form,  growing  in  the  high  altitudes  of  bot 
southern  Mexico,  though  the  first  of  all  to  receive  botani 
is  still  veiy  rare  in  herbaria  and  has  been  seen  in  its  nati\ 
few  botanical  explorers.  It  was  first  collected  by  E 
famous  journey  through  the  Mexican  plateau  r^on.  A 
Havard's  wild  almond,  still  very  imperfectly  known,  h 
described  from  the  region  inclosed  by  the  Big  Bend  of  tl 
western  Texas. 

We  have,  then,  native  to  the  region  of  North  Ameri< 
the  Mississippi  drainage  area,  six  or  seven  members  of 
differing  in  a  very  marked  way  from  the  familiar  t3T)es.< 
plums. 

They  are  united  by  the  common  character  of  a  woo 
fruit,  and  all  are  deep-rooted,  with  remarkable  dro 
This  fruit  character,  so  at  variance*  with  the  true  plums 
the  Old  World,  would  at  first  seem  to  ally  these  species 
or  apricot  sections  of  the  genus,  as  their  common  names  i 
examination  of  their  botanical  characters  shows,  howev 
to  agree  with  those  groups  and  must  be  regarded  as  00 
diate  ground  between  the  true  plums  on  the  one  hand 
or  apricots  on  the  other.  Aside  from  the  common  chara 
fruit  and  their  deep-rooting  habit,  these  species  differ 
another,  which  is  to  be  expected  from  the  wide  geogra] 
they  occupy  and  the  resulting  differences  in  climate  anc 

HABITAT  AND  ENVIRONMENT 

Ranging  farthest  north  is  the  commonly  named 
(Prunus  andersonit),  which  is  found  around  the  shores  o 
Nev.,  in  the  Honey  Lake  region  of  California,  and  along 
of  the  Sierras,  having  an  altitude  range  of  from  4,000 
the  Upper  Sonoran  and  Transition  life  zones.  (See  nu 
is  consequently  subject  to  severe  cold  in  winter,  as  mud 
zero  in  some  instances,  and  to  extreme  drought  and  se 
summer.     It  is  usually  found  in  gravelly  or  sandy  soils. 

Its  near  relative,  the  "wild  apricot*'  {Prunus  eriogy\ 
the  desert  slope  of  the  San  Bernardino  and  Santa  Ross 

*  Pnmut  or§gana  Greene,  of  Oregoo  add  northern  CaUfomia,  has  Iniit  with  a  fim 
is  a  tnae  plum,  near  to  P.  subcordaSa, 
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aoiithward  into  Lower  California,  is  an  inhabitant  of  much  lower  altitudes* 
at  kast  in  Califomia.  There  it  occurs  at  from  500  to  3,000  feet  in  the 
tspper  margin  of  the  Lower  Sonoran,  but  chiefly  in  the  Upper  S(moran 
zone,  extending  a  little  below  the  zone  of  light  winter  snow,  though  subject 
to  intense  heat  and  prcdonged  drought  in  summer.     (See  map,  fig.  i.) 

Most  similar  to  this  ^ledes  in  habitat  and  requirements,  though  remote 
in  rplatioffiship,  is  the  ''desert  almond"^  (Pnmus  fasciculata).    This  fruit 


Fto.  i.-^liap  of  the  souUiwesteni  part  of  tlie  Uaited  States,  ahowing  the  range  of  ^ 
Prunus  fasciculata,  and  Pnmus  triooyna,  n>  sp. 

occurs  in  widely  scattered  localities  over  a  range  which  includes  southern 
Nevada  and  California,  together  with  the  adjacent  portions  of  Utah  and 
Arizona.  It  overlaps  portions  of  the  areas  of  both  Prunus  andersonii  and 
Prunus  eriogyna,  but,  like  the  latter,  is  found  in  the  upper  margin  of  the 
Lower  Sonoran  and  in  the  Upper  Sonoran  zones.     (See  map,  fig.  i.)     It 

>  Odkd  "deiert  range  afanood"  by  Dr.  C.  H.  Merriam  in  notes  on  the  distribution  of  trees  and  shnibs  in 
the  deMfts  .  .  .  U.  S.  Dept.  Agr..  Bur.  BioL  Survey.  North  American  Fauna,  no.  7.  p.  jox.  1893. 
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is  nowhere  subject  to  the  severe  cold  endured  by  the  Nevada  "wild 

aknond"  in  its  most  northern  habitat.     It  usually  grows  in  gravdly 

formations  or  along  washes  or  sandy  slopes  where  deep  root  penetration 

is  possible. 

This  ''desert  almond "  is  remote  geographically  from  the  two  species  erf 

»up  to  which  it  is  most  nearly  allied,  the  Texas  wild  alm<»id,  Prunus 

flora,  and  its  Mexican  cousin,  Prunus  microphylla,  iidiich  may 

ently  be  called  the  ** Mexican  wild  almond/' 

Texas  species  has  a  range  not  yet  well  worked  out,  but  it  is  appar- 

x)nfined  to  the  Cretaceous  limestone  region  of  the  southwestern 

1  of  the  State,  extending  across  the  Rio  Grande  into  the  State  of 

ihua,  Mexico,  and  probably  occurring  in  Coahuila.     Its  known 

es  are  entirely  in  the  upper  portion  of  the  Lower  Sonoran  zone. 

.)     It  is  found  over  an  area  ranging  in  altitude  from  750  feet  near 

ntonio  to  3,000  feet  near  the  mouth  of  the  Pecos  River,  with  an 

e  rainfall  of  about  20  inches,  but  subject  to  periods  of  prolonged 

It.    There  is  an  absolute  temperature  range  for  the  years  recorded 

a  zero  to  110°  F.,  with  the  liability  to  sudden  drops  from  winter 

rs,  peculiar  to  this  region. 

he  conditions  under  which  the  Mexican  species  grows  we  have  but 
ite  knowledge,  but  it  occurs  at  high  altitudes — 6,000  to  8,000  feet, 
)per  Sonoran  zone  of  this  southern  latitude,  probably  a  mild  tern- 
climate  with  light  winter  rains  and  heavy  summer  showers.  In 
)n  with  the  other  species  it  grows  in  a  region  where  the  setting  of 
lit  is  frequently  prevented  by  late  spring  frosts, 
little-known  Havard's  wild  almond,  Prunus  havardii,  apparently 
relative  of  these  two  species  last  mentioned,  has  been  found  so  far 
I  western  Texas. 

Texas  ''wild  peach,"  Prunus  iexana,  occurs  in  scattered  localities 
region  of  eastern  Texas  from  near  sea  level  to  nearly  2,000  feet  in 
on,  lying  wholly  in  the  Lower  Sonoran  or  Lower  Austral  zones, 
idudes  a  portion  of  the  western  extremities  of  the  com  and  cotton 
where  an  apparently  sufficient  annual  rainfall  is  so  unevenly  dis- 
td  that  long  periods  of  drought  make  agriculture  somewhat  pre- 
3  and  render  irrigation  a  needful  adjunct.  It  is  adjacent  to  the 
I  Prunus  mintUiflora,  but  the  division  with  its  sharp  demarcation 
one  of  climate,  but  of  soils.  Prunus  minutiflora  follows  the  Cre- 
s  limestone  of  the  plateau  region,  while  Prunus  texana  occurs  on 
ellow  granitic  sandy  soil  of  the  "Burnet  Country"  or  the  sandy 
3f  the  Coastal  Plain  and  is  wholly  wanting  on  limestone  soils, 
lap,  fig.  2.) 
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BOTANICAL  CHARACTERS  OF  THE  GROUP 

The  botanical  characters  of  the  seven  species  under  consideration,  even 
the  obvious  character  of  the  leaves  and  fruit,  are  so  distinct  from  those 
generally  recognized  as  belonging  to  wild  or  cultivated  plums  that  it  is 
not  surprising  that  the  Mohave  Desert  form  was  first  assigned  by  Dr. 
Torrey  to  a  new  genus,  Emplectodadus,  from  the  Greek  words  referring 
to  its  interlocking  branches.  This  was  later  placed  in  the  genus  Prunus 
by  Gray,  but  as  a  separate  section.     Schneider,  while  including  all  these 


PlO.  9.— Map  of  Tcuw,  showmf  Uie  known  areas  and  probable  ranse  of  Prunus  mmuH/Una  and  Pnmus 

species  under  Prunus,^  groups  them  in  the  section  Emplectodadus  al<»ig 
with  Torrey's  original  species,  Prunus  {Emplectodadus)  fascicukUa,  and 
the  Old  World  P.  pedunculata.  Several  authors  have  assigned  some  or 
all  of  the  species  to  Amygdalus. 

The  study  of  the  entire  group  from  abundant  material  and  the  field 
examination  of  all  but  Prunus  nUcrophylla  and  P.  havardii  convince  the 
writer  that  they  are  separable  into  three  distinct  sections. 

>  Scbnddcr.  C.  K.    lOnstricrtet  Handboch  der  Laubbohkonde.    Bd.  i,  Lfg.  4.  J«na.  1905.  p.  589-590- 
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The  so-called  wild  almond  (Prunus  andersomi) ,  diiefly  found  in  Nevada, 
though  also  occurring  along  the  eastern  slope  of  the  Sierras  in  California, 
is  upon  careful  comparison  found  to  be  very  dosdy  related  to  the  wild 
i4>ricot  (Prunus  eriogyna)  of  the  Colorado  Desert  in  southern  California. 
These  two  species  are  dearly  separated  from  the  peach  and  almond  by  the 
characters  of  the  leaves  both  in  vernation  and  when  mature,  by  floral 
diaracters,  and  by  the  seeds. 

The  entire  group  (the  genus  Amygdalus  of  some  authors)  of  the  genus 
Prunus  which  indudes  the  almonds  and  peaches  has  leaves  folded  length- 
wise in  the  bud  (conduplicate),  the  flowers  sessile  or  subsessile,  the  stones 
rugose  and  pitted. 

The  Nevada  wild  almond,  notwithstanding  the  fact  that  it  has  been 
described  as  being  "  a  true  almond  in  itsafiBnities,"  ^  and  the  desert  apricot 
agree  with  the  section  Armeniaca,  the  apricots,  in  three  important  points: 
First,  the  leaves  in  the  bud  are  rolled  from  the  margin  toward  the  middle, 
or  convolute;  second,  the  flowers  are  stalked,  some  on  pedicels  three- 
fourths  of  an  inch  long;  and,  third,  the  stones  are  smooth  or  but  faintly 
pitted  and  deddedly  wing-margined. 

These  characters  are  found  also  in  some  of  the  true  plums,  but  a  distinct 
sepamtion  from  the  plums  is  met  in  the  rose-colored  flowers  and  in  the 
oi^y  slightly  fleshy,  pubescent  fruits. 

The  presence  of  stomates  in  the  upper  sur{^u:es  of  the  leaves  is  a 
diaxacter  distinguishing  these  two  spedes  from  both  the  Amygdalus  and 
Armeniaca  sections. 

Thdr  characters  as  a  whole,  however,  seem  to  unite  them  most  closely 
with  the  apricots,  and  apparently  there  is  nothing  among  the  European 
and  Asiatic  forms  of  Prunus  to  which  they  are  as  dosdy  related.  Con- 
sequently the  two  spedes  are  here  placed  in  a  new  section,  Penarmeniaca 
(near-apricots). 

The  California  desert  almond  {Prunus  fasciculata),  the  Texas  wild 
almond  (P.  minutiflora)^  and  the  Mexican  wild  almond  (P.  microphjdia), 
agree  in  three  important  characters  which  separate  them  dearly  from 
the  three  other  spedes  of  this  group.  All  three  are  dioedous  by  the  abor- 
tion of  dther  stamens  or  pistils;  the  number  of  the  stamens  is  usually 
reduced  to  lo  or  15  and  a  portion  of  them  inserted  on  the  walls  of  the 
calyx  cup..  They  further  agree  in  having  the  inner  face  of  the  cup  finely 
hairy  instead  of  having  a  nectariferous  surface  as  in  apricots,  peaches,  and 
almonds.     Havard's  wild  almond  probably  bdongs  in  this  same  group. 

Prunus  fasciculata  has  leaves  with  stomates  in  the  upper  surface,  in 
which  it  resembles  P.  andersonii  and  P.  eriogyna,  while  the  other  three 
spedes  have  no  stomates  in  the  upper  surface.  However,  on  the  strength 
of  the  characters  possessed  in  common,  espedally  of  the  remarkable  one 
of  the  dioedous  character  of  the  flowers,  Prunus  fasciculata  is  placed  with 

>  Ofcenc  B.  I*.    Flora  Piandscttia.    (Ft.  x\,  San  Prandsoo.  [1891]  p.  49. 
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the  Texas  and  Mexican  wild  almonds  in  the  subgenus  Emplectodadus  of 
Prunus.  This  has  been  done  with  a  full  realization  that  most  definitions 
of  thift  genus  describe  the  flowers  as  perfect,  though  Sargent  ^  and  Schnei- 
der extend  the  definition  to  include  polyganuxlioecious  flowers.  No 
reference  to  dioecious  or  polygamo-dicedous  characters  in  any  Asiatic 
forms  of  Prunus  has  been  found. 

While  a  more  complete  knowledge  of  the  Asiatic  forms^  may  disclose 
doser  affinities  for  these  three  species,  they  are  retained  provisionally  as 
the  sole  member  of  the  subgenus  Emplectodadus.  With  our  present 
Imowledge  of  these  forms  the  seven  species  of  Prunus  studied  in  this 
paper  should  be  grouped  as  follows: 

SCHEME  OF  CLASSIFICATION 
PRUNUS 

SUBGBNUS  EmpLECTOCLADUS 

Low  divaricate  or  erect  shrubs  with  more  or  less  spinescent  branches.  Bark  on  new 
growth  gray  or  brownish,  glabrous  or  more  or  less  pubescent.  Leaves  conduplicate  in 
vernation;  borne  singly  on  vigorous  young  growth  or  apparently  fascicled  on  budlike 
suppressed  branchlet,  with  or  without  stomates  in  upper  epidermis. 

Flowers  solitary  or  gemminate,  sometimes  crowded  on  short  fruiting  spurs,  subsessile, 
pfecodousor  coetaneous  with  the  leaves,  dioecious  by  the  abortion  of  stamens  or 
pistils;  calyx  cup  obconic  or  campanulate,  glabrous  or  faintly  puberulous  on  the 
outer  surface,  minutely  hairy  within;  stamens  usually  10  to  15  on  short  filaments,  in 
three  mote  or  less  well-defined  circles,  inserted  on  the  maigin  of  the  cup  and  on  the 
walls  below;  ovary  and  base  of  style  pubescent. 

Fruit  seldom  more  than  z  cm.  long,  pubescent,  subglobose  or  irregularly  ovate,  with 
thin,  dry  flesh  splitting  tardily,  and  smooth  or  obscurely  ridged  stone. 

Four  species:  Prunus  fasciculata  Gray,  Prunus  minuHflora  Engelm.,  Pfmnus  micro- 
pkyUa  ^ms.,  and  Prunus  havardii  (Wight),  n.  comb. 

SUBGBNUS  EUPRUNUS 
SBCnON  FILOPRUKX78,  N.  8BCT. 

Low,  much  branched,  often  procumbent,  scarcely  spinescent  shrubs,  with  gray 
or  brown,  pubescent  young  wood. 

Leaves  conduplicate,  without  stomates  in  upper  epidermis,  tomentose,  glandular 
senate. 

i  SarsHit.  C  S.    Sflv»  of  North  America.    Boston.  t89>.  ▼•  4.  p.  7- 

•  /N  ■■■!  /irfiwuMlafti  (PaiL)  MMdnu  id  P.  piiosm  (Tbtck.)  Mwdm.  of  Moatolfai  are  a>fcl  by  godme  (PU 
Wlhoniaiwe,  pC  9,  p.  373)  to  have  the  calyx  cap  dry  withhi  and  mimitely  hairy  at  the  inaertioa  of  the 
aramrm  Schneider  licnres  (Latibhk.,  v.  x,  p.598,fis.335')the  whole  interior  of  the  calyx  cup  of  P.  P^dnn- 
cnlala  as  finely  hairy.  IJttfe  is  known  as  to  the  flower  characters  of  Prwi»«j6ou«wrt7Carr.  from  Asia  Minor 
lUuiul  to  P.  Ptdtmmltia  t>y  Sdmcider,  bat  which  differs  in  having  sessile  flowers.  iThcse  plants  are 
■■hiicd  to  the  section  TtogJiytochkhtt  by  Scimeider,  but  his  fiiures  of  P.  .»irfiiwcMrala  Shown  perie^ 
Mid  no  hint  Is  giren  in  descriptions  of  tlie  otlier  forms  of  their  flowers  being  diopcious.  These  species,  as 
wcO  as  the  little-lmown  P.  mom^ka  and  P.  tUkiscms  Kodi..  groaped  along  with  tliem  by  Kochne  (PL 
^Wihonlanr,  pt.  9.  p.  974),  and  P.  fiehtmnikam  I4tw.  doubtfully  referred  to  t^  group  by  Scfaneider(I«aabhk., 
▼•  s,  p.  974).  an  need  to  be  studied  carefully  so  as  to  permit  of  a  carefol  comparison  with  the  American  forms 
'here  refcrted  to  the  section  Bmplectociadus. 

13000*^— 13 5 
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FloweiB  white,  appearing  with  the  leaves,  fascicled  on  ahort  pubescent  pedtmcles, 
perfect,  highly  fragrant;  calyx  cup  campanulate,  pubescent  without,  nectarifeiDiis 
within,  with  glandular  serrate  lobes;  ovary  finely  pubescent. 

it  X.5  cm.  to  2.5  cm.  long,  pubescent,  the  juicy,  fragrant,  hi^y  flavoced 

Ringing  to  the  stone  by  a  persistent  velvety  pile;  stone  rounded,  smooth  or 

ly  furrowed. 

species:  Prunes  Uxana  Dietr. 

SSCTXON  PBNARM8NIACA,  N.  SBCT. 

se  shrubs  with  angled  and  thorny  branches  or  of  more  smooth  and  erect  arbofe^- 
:iowth  reaching  3  meters  in  heij^t;  young  twigs  glabrous,  reddish  or  yellow 

^es  convolute  in  vernation,  glabrous,  more  or  less  glandular  serrate,  with 
tes  in  the  upper  epidermis. 

vers  rose  colored,  pale  pink,  or  rarely  white,  solitary  or  in  fascicles  of  two  or 
on  stalks  from  5  to  15  mm.  in  length;  stamens  20  or  30,  inserted  near  the  rim 
calyx  cup;  calyx  cup  campanulate,  with  nectariferous  lining;  pistil  as  long 
B^  than  the  stamens;  ovary  and  base  of  style  pubescent. 
it  oval  or  subglobose,  i  to  a  cm.  long,  pubescent,  somewhat  fleshy  while  imma- 
larsh  and  astringent  but  with  an  add,  fruity  flavor,  opening  along  suture  idien 
e;  stone  thick  walled,  furrowed,  with  obscure  reticulations  or  smooth  or 
rhat  pitted;  kernel  in  some  varieties  edible,  often  strongly  flavored  with  x>rua8ic 

)  species:  Prunus  andersonii  Gray  and  Prunus  eriogyna,  n.  sp. 

THE  WILD  PEACH 

e  earlier  botanical  descriptions  of  the  important  species  Prunus 
a  are  so  meager  that  the  following  description  in  greater  detail 
5  necessary: 

IS  teiana  Dietr.^ 

tdalius  glandtdosa  Hookitr,  loon.  PL.  t.  5,  pi.  a88.  x8«o. 

us  damdulosa  (Hoolcer)  Torr.  and  Gray,  PI.  N.  A.,  v.  i,  p.  408,  i8«o. 

tu  Uxana  Dactr.,  Syn.  pi.,  v.  3,  p.  45. 1843. 

MX  Hookeri  Schneider.  Latibhk.,  v.  i,  lig.  5,  p.  597-S9<f  fis>  335.  i.  k.  1»  1906. 

F^«MtaMfia(Dktr.)  W.  P.  Wight,  Dudley  Mem.  Vol..  p.  131, 19x3. 

Hoolcer.  loc.  dt;  Schneider,  loc  dt. 

r,  squarrose  shrubs,  sometimes  reaching  a  height  of  a  meters,  with  a  spread 
>  2.5  meters;  stems  usually  slender  but  occasionally  erect  and  stout  branches, 
spinescent;  bark  dark  iron  gray,  roughly  furrowed  on  old  wood,  on  young  giowth 
h  brown  or  silvery  gray,  densely  pubescent. 

leaves,  conduplicate  in  the  bud,  are  usually  narrowly  elliptical,  with  rounded 
md  rounded  or  wedge-slu4>ed  base;  thick,  strongly  veined,  serrate  or  crenately 
f  serrate,  with  glandular  teeth,  dull  green,  thickly  pubescent  above,  canes- 
beneath,  1.5  to  4  cm.  long,  6  to  18  mm.  broad;  petiole  short,  rather  thick, 
es  3  to  4  mm.  long,  narrowly  lanceolate,  with  glandular  teeth. 
:  small  flowers,  which  appear  with  the  leaves  in  February  and  March,  are 
At,  perfect,  x  to  1.5  cm.  broad,  borne  singly  or  in  fascicles  (rf  two  or  three  on 
finely  pubescent  peduncles;  the  campanulate  calyx  tube  is  finely  pubescent, 

re  being  a  Pnmus  glandulosa  ol  Thtmberg,  1784.  Hooker's  Amy^daiu*  glaudfdosa  can  not  be  traa^ 
o  the  genus  Pninut  and  the  name  Pnmus  Uxana,  given  by  David  Dietrich  (Synopsis  plantamm.  v. 
iriae,  18431  P*  45).  has  piioiily  and  is  a  most  appropriate  one,  as  this  interesting  spede*  has  ao  far 
and  only  within  the  limiu  of  Ttzas.  This  condusioo  as  to  the  priority  of  Dietrich's  spedfic  nam* 
rmed  and  pubUshed  by  Dr.  C.  S.  Sargent  in  Tlrees  and  Shrubs,  v.  9,  pC  j.  Boston.  June,  1911. 
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die  strongty  reflexed,  aliort  founded  lobes  being  glandular  ciliate  margined,  with 
fine  soft  hairs  on  both  surfaces.  The  inner  face  of  the  tube  is  lined  with  an  orange- 
oolored,  nectariferous  layer.  The  thin  white  petals,  5  mm.  long,  are  broadly  ovate, 
often  truncate  at  the  base,  attached  by  short,  stout  claws.  The  ovary  and  two-thirds 
ol  the  length  of  the  style  are  finely  pubescent.  The  fruit  is  roundish  oval  or  oblong, 
usually  with  a  ventral  shallow  furrow,  i  to  3.5  cm.  in  length,  a  sharp  depression  at 
the  base,  pedicel  5  to  8  mm.  kmg.  The  skin  is  rather  thick,  coated  with  fine  pubes- 
cence, yellowish,  greenish  yellow,  or  rarely  taking  a  rich  reddish  flush  on  one  side; 
flesh  yellowish  or  greenish  yellow,  finely  netted,  juicy  and  luscious,  sometimes 
very  richly  flavored,  clinging  to  the  rather  large  stone  by  a  curious  tough,  persistent 
elastic  pile,  like  coarse  plush,  which,  when  scraped  away,  leaves  an  ovate  obtusely 
pointed,  thin-walled  seed  without  pits  or  furrows.  The 
kernel  is  plump,  roundish  pointed,  slightly  furrowed,  and 
with  a  strong  flavor  of  prussic  add.    (PI.  IX,  and  fig.  3.) 

It  is  plain  that  with  its  strongly  glandular 
pubescent  leaves  and  luscious,  fle^y  fruit  with 
the  pilose  or  velvety  stone  it  has  little  near  rela- 
tionship with  the  five  species  of  the  group  in 
which  it  has  been  included.  It  has  accordingly 
been  placed  in  the  subgenus  Eupnmus  and  in 
a  new  section,  Piloprunus.  Analogy  for  the 
pubescent  fruit  is  found  in  the  Prunus  oregana 
<rf  Greene  and  for  the  netted  flesh  clinging  to  the 
stone  in  the  sand  plum,  P.  watsani. 

With  a  promising  wild  species  of  distinctly 
limited  range  it  is  of  first  importance  to  learn 
under  what  conditions  of  soil,  temperature,  and 
rainfall  it  has  been  able  to  reach  its  present 
standing  in  the  plant  world.  In  a  State  afiford- 
ing  so  vast  an  "open  range,"  so  to  speak,  as  the 
State  of  Texas,  the  restriction  of  a  species  to  a 
lange  must  mean  certain  limitations  in  endur- 
ance. If  it  stops  rather  sharply  as  soil  types 
change,  with  no  other  apparent  reason  for  not 
extending  farther  in  that  direction,  we  must  suspect  a  soil  preference 
amounting  to  limitation.  A  fairly  well-defined  northern  boundary  is 
pretty  sure  to  mark  the  limit  of  cold  endurance,  provided  soil  and  moist- 
ure conditions  would  seem  to  invite  farther  advance  in  that  direction. 
Therefore,  the  geographic  range  or  distribution  of  the. wild  peach  should  be 
studied  and  also  related  conditions  of  soil,  temperature,  and  moisture. 


Flo.  y—Pnmus  Uxoma  Dietr.:  i4. 
Section  of  calyx.  X  j;  B,  detail 
of  calyx  lobes,  showiac  cfauMlu- 
lar  margina,  X  3;  C,  aeetion  of 
calyx  from  flower  of  the  horticul- 
tural variety  Ramsey,  P.  Imnum 
X  Wild  Goose  phmi,  X  4. 
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DISTRIBUTION   AND  SOIL 

The  range  of  the  wUd  peach  is  wholly  within  the  State  of  Texas,  but 
its  local  distribution  is  not  yet  worked  out.  As  shown  by  the  map 
(gg.  2),  there  are  two  principal  areas  of  its  growth.  The  first  of  these  is 
what  is  called  the  "Burnet  Country/'  a  r^on  of  granitic  uplift  occupy- 
ing the  greater  portion  of  Llano  County,  and  small  areas  of  Burnet,  San 
Saba,  Mason,  Gillespie,  and  Blanco  counties.  It  is  also  found  along  a 
narrow  alluvial  strip  next  to  the  Colorado  River  in  Lampasas  County. 

It  is  upon  the  sedentary  soils  from  granitic  disintegration,  small  areas 
from  sandstone  and  schistose  rocks  of  the  earlier  stratified  formations 
bordering  and  upturned  by  the  granitic  protrusions,  and  on  narrow 
strips  of  river  alluvium  that  the  "  wild  peach  "  occurs.  Only  one  instance 
is  known  of  its  occurrence  upon  the  calcareous  areas  which  surround  and 
in  isolated  patches  overlap  the  granitic  protrusions. 

The  second  considerable  area  known  for  this  species  lies  in  the  south- 
eastern  part  of  Bexar  County  and  in  the  adjacent  counties  of  Guadalupe, 
Wilson,  and  Atascosa,  extending  eastward  into  Gonzales  and  southward 
into  Bee  County.  As  this  region  is  a  part  of  the  area  of  sandstone  forma- 
tion known  geologically  as  the  Marine  Eocene  region  and  the  plants  are 
found  only  on  rather  mellow  sandy  soils,  we  must  conclude  that  the  species 
has  so  strong  a  preference  for  granitic  or  sandy  soils  as  to  practically 
exclude  it  from  limestone  regions.  It  was  learned  in  the  neighborhood 
of  Lavemia  that  extensive  areas  of  this  ''May  plum,''  as  it  is  called  in 
that  section,  had  been  destroyed  in  the  clearing  up  of  fields.  Isolated 
patches  have  been  found  at  points  as  remotely  separated  as  Van  Zandt 
County  at  the  north,  the  coast  dunes  of  Aransas  County,  and  a  consider- 
able area  in  the  sandhills  of  Hidalgo  County  at  the  south,  where  the 
fruit  is  much  esteemed  by  the  Mexicans  under  the  name  "durasnillo," 
or  "little  peach."*  It  seems  probable  that  a  more  complete  survey  of 
the  eastern  portions  of  the  State  would  show  that  the  wild  peach  has  a 
botanical  range  extending  over  a  greater  portion  of  the  sandy  formation 
of  the  Marine  Tertiary  region,  restricted  probably  by  lack  of  moisture  in 
the  southwest  portion  of  that  formation. 

All  the  plants  studied  have  a  deep-rooting  habit,  enabling  them  to 
penetrate  to  layers  of  soil  where  the  moisture  is  fairly  permanent  as  is  often 
the  case  where  the  soil  has  a  sandy  foundation.  This  aids  them  greatly ' 
in  surviving  the  long  periods  of  drought  to  which  the  country  b  subject 
The  thickly  pubescent  upper  surface  of  the  leaves  and  the  almost  felted 
undersurface  are  features  which  reduce  transpiration  and  must  aid 
materially  in  drought  redstance. 

1  Praf.  a  W.  StMifield.  of  the  Texas  Stote  Nonnal  School,  states  that  in  southern  Bcxw  County  t^ 
is  caUed  "albaiiooQue."  which  is  the  Spanish  name  for  the  apricot. 
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CUMATIC  CONDITIONS 

The  principal  areas  occupied  by  Prunus  iexana  are  represented  by 
fairly  complete  weather  records  at  Menardville,  Fredericksburg,  and 
San  Antonio  *  and  by  volunteer  records  at  Burnet,  Llano,  and  Lampasas.' 
These  show  that  the  mean  annual  rainfall  ranges  from  22.6  indies  in 
the  more  westerly  to  28  inches  in  the  eastern  and  southern  portions. 

The  monthly  means  show  a  fairly  well-distributed  rainfall  throughout 
the  year.  December  to  March  constitutes  the  drier  period,  with  Febru- 
ary as  the  driest  month.  The  study  of  the  monthly  records  of  a  number 
of  years,  however,  shows  that  this  section  is  subject  to  occasional 
heavy  rainfalls  almost  torrential  in  character,  as  well  as  to  periods  of 
severe  and  prolonged  drought.  A  study  of  the  extremes  of  rainfall  at 
San  Antonio,  a  nearly  central  point  in  the  range  of  this  species,  shows 
that  during  the  driest  year  of  the  period  covered  by  the  record,  1885 
to  1903,  only  15.9  inches  of  rain  fell,  while  the  maximum  record  was 
40.5  inches.  The  structural  characters  enabling  Prunus  iexana,  the 
wild  peach,  to  endure  these  vicissitudes  are  important  features  to  study. 

The  temperature  conditions  characteristic  of  this  section  are  those  of 
comparatively  mild  winters,  minimum  tempemtures  of  12*^  to  16®  F. 
being  matters  of  common  record,  with  occasional  winters  showing 
minimum  records  of  as  low  as  —2°  to  —4*^  F.' 

Minimum  temperatures  of  50®  to  60°  and  maximum  temperatures  of 
60®  to  75**  F.  may  be  followed  in  a  short  time  by  a  norther  which  will 
lower  the  temperature  to  near  the  zero  point,  or  even  below.  The  extreme 
in^-gifniitn  temperatures  experienced  in  this  section  are  from  100^  to 
105^  F. 

NATURAL  HYBRIDIZATION 

f  One  of  the  most  striking  characteristics  of  the  wild  peach  is  the  readi- 

I  ness  with  which  it  hybridizes  with  the  native  and  cultivated  plums.    This 

is  proved  by  the  occurrence  of  well-marked  natural  hybrids  with  the  local 
wild  plums  in  at  least  five  widely  separated  locaHties  within  its  range. 

The  occurrence  of  natural  hybrids  between  species  of  plants  is  unusual 
and  in  many  famihes  rare  or  unknown.  The  integrity  of  our  plant  forms 
could  not  be  preserved  if  indiscriminate  natural  hybridizing  were  a  pos- 
sibiHty. 

Prcbably  among  trees  and  shrubs  the  most  numerous  examples  of  such 
hybrids  are  a£forded  by  the  oaks  of  the  Mississippi  Valley  and  the  Western 
States,  and  a  ntunber  of  these  have  from  time  to  time  received  definite 

■Henry.  A.  J.  CUmctoloffy  of  the  United  States.  U.  a  Dept.Agr..  Weather  Bur..  Bulletin  Q.,  p.  431-43^ 
ifo6. 

s  U.  S.  Dept.  Agr-,  Weather,  Bur.,  CHmate  and  Crop  Service,  Texas  Section,  v.  z-5. 1897*1901. 

•  There  was  a  record  of  -4.1*  P..  at  Llano.  Feb.  la,  1899^  U.  a  Dept.  Agr.,  Weather  Bur.,  CUmate  and 
Crop  Service.  Texas  Section.  Report,  v.  3.  no.  5,  p.  5.  X899. 
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botanical  description.  A  few  wild  grape  hybrids  are  recorded  in  the 
writings  of  Dr.  Engelmann. 

Among  plums  a  few  definite  natural  hybrids  of  the  wild  species  have 
been  recognized,  and  the  later  judgment  of  Prof.  Bailey  on  Prunus 
hortulana,  described  by  him  as  a  species,  is  that  it  is  a  group  of  varieties 
which  are  hybrids  between  Prunus  americana  and  the  southwestern 
species,  Prunus  angustifolia} 

On  the  whole,  surprisingly  few  authentic  hybrids  have  come  into 
existence  without  the  aid  of  man  among  uncultivated  plants. 

Examples  of  natural  or  unassisted  hybridization  among  cultivated 
plants  are  somewhat  more  common,  as  though  as  a  result  of  cultivation 
some  of  the  safeguards  which  nature  had  established  against  the  inter- 
breeding of  species  had  been  broken  down,  but  here  again  the  sum  total 
of  such  crosses  is  small. 

These  considerations  make  it  the  more  interesting  and  significant  when 
we  find  such  a  divergent  form  of  plum  as  this  so-called  wild  peach  hybrid- 
izing so  freely  with  the  local  forms  with  which  it  comes  in  contact. 

How  numerous  these  hybrids  may  actually  be  is  only  a  matter  of  con- 
jecture, and  only  a  close  survey  of  the  entire  region  of  occurrence  of 
Prunus  texana  can  disclose  this.  The  detection  of  these  at  any  stage  of 
active  growth  is  rendered  comparatively  easy  by  the  strongly  marked 
characters  of  this  species.  The  narrow,  pubescent,  strongly  glandular- 
serrate  leaves,  as  well  as  the  pubescent  calyx  cup  with  glandular-serrate 
lobes,  added  to  the  notable  character  of  the  pubescent  fruit  with  its 
peculiar  pile-covered  stone,  all  help  to  render  one  of  this  class  of  hybrids 
conspicuous  and  unmistakable.  Three  of  the  more  striking  forms  in 
three  widely  separated  localities  had  been  noticed  and  taken  into  culti- 
vation years  ago  by  observant  ranchmen  interested  in  fruit  growing. 
Systematic  search  by  the  writer  and  other  observers,  though  for  only  a 
few  days  and  over  a  very  limited  area,  disclosed  the  other  eight  recorded. 

It  is  significant  that  in  five  out  of  seven  of  the  most  important  r^ons 
where  the  wild  peach  is  associated  with  the  wild  species  of  plums  these 
spontaneous  crosses  have  been  found.  In  these  same  sections  hybrid 
forms  between  the  numerous  species  of  true  plums  are  rare  or  have  not  been 
detected.  More  conclusive  evidence  can  hardly  be  offered  that  Prunus 
texana  crosses  with  a  number  of  species  of  the  true  plums  with  unusual 
readiness,  far  more  readily  than  these  species  cross  among  themselves. 
It  is  on  account  of  this  fact  and  the  promise  which  it  holds  out  to  enter- 
prising plum  breeders  that  it  has  been  thought  worth  while  to  describe 
in  rather  minute  detail  a  number  of  these  natural  hybrids,  including 
several  which  as  horticultural  varieties  have  little  or  no  value. 

The  first  of  these  varieties  was  learned  of  during  an  exploring  trip 
around  Klingsland,  Llano  County,  in  March,  1910,  and  through  the  kind- 

1  ^^IWd.  S.  D..  and  Bailesr.  L.  H.  Notes  upoa  plums  for  western  New  York.  New  York  CociieU  Agr. 
Bsp.  St«..  Bui.  131.  p.  170,  1897. 
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ness  of  Mr.  Henry  Smith  the  writer  was  shown  a  group  of  bushes  located 
on  the  Smith  ranch  near  the  foot  of  Pack  Saddle  Mountain,  about  6  miles 
from  Kingsland.  These  had  been  known  to  a  few  settlers  in  the  neigh- 
boffaood  for  many  3rears  and  the  fruit  had  been  carefully  gathered  on 
account  of  its  value  in  making  preserves  and  jam.  The  "  Llano  "  variety, 
named  and  propagated  for  distribution  by  Mr.  L.  Miller,  a  nurseryman 
at  Lampasas,  was  secured  in  this  neighborhood  and  is  so  nearly  identical 
with  those  seen  on  the  Smith  ranch  that  a  separate  description  is  scarcely 
necessary. 

The  next  group  was  located  near  the  south  line  of  Llano  County  not 
far  from  the  Llano  and  Fredericksburg  Road.  Mr.  F.  M.  Ramsey  had 
previously  discovered  a  bush  in  this  r^on  which  from  its  appearance  he 
bdieved  to  be  a  hybrid  of  the  wild  peach  and  a  plum.  On  a  trip  with  the 
writer  in  search  of  this  plant  two  more  were  found  in  the  same  neighbor- 
hood. These  are  described  in  succeeding  pages  under  the  names  ''Wil- 
low," "Sumlin,"  and  "Holman."  They  are  of  considerable  interest  as 
botanical  hybrids  showing  the  potency  of  the  species  Prunus  texana 
rather  than  for  the  quality  of  the  fruit  produced. 

Having  been  informed  that  at  Valley  Springs,  about  12  miles  northwest 
of  Llano,  a  farmer  had  wild  peaches  growing  in  his  garden  and  that  with 
cultivaticm  they  grew  as  large  as  plum  trees,  another  group  of  hybrids 
was  suq>ected.  A  visit  was  accordingly  made  to  the  farm  of  Mr.  N.  F. 
Gefdiart,  an  early  settler  in  the  Valley  Springs  district,  in  whose  orchard 
several  plum  trees  just  ripening  fruit  were  found  to  show  undoubted 
evidence  of  Prunus  iexana  origin.  Yet  three  clearly  distinct  varieties 
could  be  detected.  The  two  which  are  described  as  the  "Gephart"  and 
the  "Johnson"  are  interlocking  trees  which  Mr.  Gephart  states  he  found 
in  a  wild  state  in  clearing  the  ground  for  the  orchard  more  than  20 
3rearsago. 

The  history  of  the  Bolen  variety,  with  two  or  three  others  in  the 
garden,  is  rather  obscure.  Mr.  Gephart  states  that  there  used  to  be  a 
tree  of  this  character,  long  since  disappeared,  on  a  near-by  farm  known  as 
the  Bolen  place.  He  is  of  the  impression  that  seeds  from  this  original 
Bolen  fruit  were  planted  in  his  garden  and  produced  one  or  more  trees, 
which  bore  well  for  a  number  of  years  but  are  now  dead.  There  are  at 
present  several  trees  very  similar  in  character.  Whether  they  are  from 
grouts  of  the  original  seedlings  of  the  Bolen  tree  or  from  a  second 
generation  of  seedlings  Mr.  Gephart  is  uncertain.  Apparently  the  first 
cross  of  Prunus  iexana  was  the  original  tree  on  the  Bolen  farm,  from 
which  the  seedlings  in  the  Gephart  garden  originated. 

The  following  year,  191 1,  information  was^received  of  ''a  plum  with  a 
skin  like  a  peach"  growing  in  an  orchard  near  Lavemia,  Wilson  County, 
20  miks  southeast  of  San  Antonio,  and  on  a  visit  to  that  place  two  small 
trees  were  found  on  the  farm  of  Mr.  W.  J.  Stuart,  who  reported  that  he 
had  found  a  little  group  or  thicket  of  these  trees  in  a  draw  when  clearing 
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part  of  his  farm.  These  two  had  been  transplanted  to  his  plum  orchard 
and  the  others  grubbed  up.  Though  not  perfectly  identical,  these  trees — 
though  small,  they  were  perfect  trees  in  form — are  so  similar  as  to  make  it 
superfluous  to  give  separate  descriptions.  The  more  perfect  of  these 
was  selected  for  description  and  named  "Stuart"  for  the  owner,  (PI.  X, 
figs.  I  and  2.)  Its  fruit  is  among  the  best  produced  by  hybrids.  Two 
points  worthy  of  note  about  this  variety  are  that  the  flowering  followed 
the  opening  of  the  leaves  and  that  there  is  a  tendency  to  suckering  or 
root-sprouting. 

A  few  da3rs  later,  in  a  trip  along  the  Hilderbrand  Road  in  company 
with  Mr.  R.  £.  Blair,  two  more  hybrid  varieties  were  found  in  a  field  of 
the  Whittaker  Ranch.  Both  were  small  trees,  evidently  sprouted  from 
an  older  growth  broken  down.  The  flowering  season  had  passed  and  a 
small  setting  of  half-grown  fruits  was  noted.  Later  in  the  season  Mr. 
Blair  returned  and  found  a  few  of  these  ripe,  but  a  detailed  descriptioii 
was  not  secured.  It  is  a  medium-sized,  dull-red  fruit  of  only  fair  quality. 
The  variety  near  the  fence  on  the  pike  road  was  designated  as  the  Hilder- 
brand and  the  one  in  the  field  as  the  Whittaker.  On  a  later  trip  Mr.  Blair 
located  another  hybrid  tree  in  the  same  neighborhood,  a  detailed 
description  of  which  has  not  been  secured. 

It  will  be  noticed  that  in  the  descriptions  of  these  hybrids  no  attempt 
has  been  made  to  name  other  parents  than  the  wild  peach  (Prunus 
1exana)y  which  dominates  them  all.  There  are  characters  which  indicate 
that  at  least  three  other  species  as  parents  must  be  reckoned  with.  The 
northern  portion  of  the  range  of  this  species  is  also  the  home  of  a  number 
of  species  of  t3rpical  American  plums. 

Prof.  Sargent  has  but  recently  described  two  new  species  from  this 
territory,  and  it  is  probable  that  others  are  pending.  No  less  than  eight 
species  of  Prunus  of  the  plum  class  have  been  credited  to  this  territory, 
several  of  which  are  with  difficulty  distinguished  from  each  other.  The 
hopelessness  of  determining  the  other  parents  of  these  hybrids  is  immedi- 
ately apparent.  We  have  no  basis  for  more  than  a  conjecture  as  to 
which  direction  the  cross  may  have  taken,  whether  Prunus  lexana 
furnished  the  pollen  or  was  the  pistillate  parent. 

The  only  hint  we  can  get  in  this  direction  is  from  the  work  of  Mr. 
Ramsey,  referred  to  later.  He  made  use  of  pollen  from  the  Wild  Goose 
plum,  without  removing  the  stamens  from  the  flowers  of  the  wild  peach 
and  secured  four  hybrid  trees  out  of  a  number  of  fruits  set  on  the  pro- 
tected branch.  All  of  these  four  show  Wild  Goose  characteristics  in 
their  flowers. 

The  grouping  of  a  number  of  closely  similar  varieties,  as  in  the  case  of 
the  two  Gefdiart  trees,  the  Stuart  group,  and  those  on  the  Hilderbrand 
Road,  suggests  that  a  bush  of  wild  peach  may  have  received  visits  of  bees 
carrying  wild-pltun  pollen  and  that  a  number  of  fruits  of  this  pollination 
germinated  under  or  near  the  parent  bush. 
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DBSCRIPTIONS  OF  HYBRIDS 

Pnsnns  hortulana  (Wild  Goose)  X  tezana. 
Hort.  var.  Ramsey. 

A  rather  ragged  branched  tree  about  2  meters  high,  with  yellowish  brown  pubescent 
twigs  of  new  growth.  Leaves  ovate  lanceolate,  acuminate  at  apex,  rounded  or  broadly 
cmifnte  at  base,  serrate  or  doubly  crenulate  serrate,  with  short  glandular  teeth;  upper 
surface  dull  with  scattered,  short  hairs;  lower  surface  grayish  green,  silvery  tomentu- 
lose;  petiole  stouter  than  in  most  of  the  hybrids,  5  mm.  to  10  mm.  long,  tomentose; 
stipules  nanow,  acute,  glandular  toothed. 

The  floweis,  which  appear  before  the  leaves,  about  the  middle  of  March,  are  white, 
about  8  mm.  bfoad,  borne  in  three  or  four  flowered  umbels  on  slender,  pubescent 
pedicels.  The  calyx  is  pubescent,  lobes  pubescent  on  both  surfaces,  margins 
^andular. 

The  fruit,  ripe  about  June  15,  is  globose,  a  to  2.5  cm.  long,  the  rather  thick  dull-red 
skin  glaringly  tomentulose,  the  thin  reddish  flesh  clinging  to  the  velvety  coated  pit, 
which  is  tuigid,  oval,  pointed  at  either  end,  and  with  a  broad  ventral  ridge ;  the  pedicels 
are  8  to  xo  mm.  long  and  stouter  than  in  most  of  the  hybrids  of  the  species.  This  fruit 
is  add,  rather  austere,  but  of  value  in  making  jellies,  marmalades^  etc.  The  origina- 
tor, Mr.  Ramsey,  states  that  it  is  a  remarkably  regular  bearer.  It  seems  to  thrive  well 
00  a  strongly  calcareous  soil  and  has  been  grown  to  a  good  size  worked  on  peach  stock. 

Kwuis  tenna  hybrid. 
Hort.  var.  Llano. 

A  low,  ragged  bush,  z  to  1.5  metera  high,  as  it  occurs  in  thickets  in  the  stony  pastures 
in  Llano  County,  where  it  was  first  observed  more  than  30  yeara  ago  and  where  it 
qveads  slowly  by  means  of  root  sprouts.  Worked  on  peach  stock  the  twigs  of  young 
growth  become  long,  slender,  and  pendulous  with  little  disposition  to  spiny  branches. 
The  twigs  of  young  growth  are  reddish  brown,  thinly  pubescent. 

Leaves  elliptical  or  ovate  elliptical,  apex  acute  or  narrowed  and  shortiy  acuminate, 
base  rounded  or  broadly  cuneate;  maigin  serrate  or  doubly  serrate;  the  teeth  glandu- 
lar ti]^)ed;  the  upper  surface  dull  green,  with  scattering  short  silvery  hain;  russety 
green  with  thin  pubescence  beneath;  3.5  to  4  cm.  long,  1.5  to  2  cm.  broad;  the  midribs 
yellowisii brown;  slender  petioles  about  7  mm.  long;  stipules  3  to  5  mm.  long,  narrow, 
acute,  coarsely  glandular  toothed.  The  flowera  appearing  with  the  leaves  are  white, 
5  to  8  mm.  broad;  calyx  tube  campanulate,  pubescent;  lobes  ahort,  broadly  ovate,  with 
glandular  teeth  and  hairy  inner  surface;  petals  obovate  with  short  daw. 

The  fruit,  ripening  in  Jime,  is  globose,  a  littie  compressed,  2  cm.  in  diameter;  color 
dnU  red;  skin  ratiier  thick,  coated  with  a  thin,  fine  pubescence;  flesh  netted,  clinging 
to  the  pit,  which  is  turgid;  oval,  obtuse  at  base  and  apex,  coated  with  vdvet  pile; 
pedicel  short.  This  fruit,  produced  in  great  abundance,  is  of  a  sharply  add  flavor, 
but  is  hi^y  esteemed  for  domestic  use. 


I  hybrid. 
Hort.  var.  WiUow. 

A  willowy  shrub,  i  meter  high,  profusdy  branched,  the  branches  angled  at  nodes, 
kng,  slender,  tapering;  young  growth  greenish  brown,  pubescent,  but  becoming 
smoodi  iron  gray  with  age. 

Leaves  ovate  lanceolate;  apex  acute;  base  rounded;  margin  finely  and  evenly 
glandular  serrate;  upper  surface  dull  green  with  scattered  haire;  under  surface  grayish 
gxeen  widi  a  thin  silvery  pubescence;  3  to  4  cm.  long,  z.5  to  z.7  cm.  wide;  venation 
pfloamient;  petioles  4  to  5  mm.  long;  pubescent;  fruit  solitary  as  far  as  seen,  a  small 
roundish  plum  with  the  surface  covered  with  scattering  haira;  stalk  3  to  4  mni«  long; 
j^  fcen  iu  mature  condition.    While  an  evident  hybrid  with  distinct  plumlike 
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characters,  this  variety  retains  more  of  the  Prunus  Uxana  characters  than  any  other 
hybrid  noted.    But  one  plant  discovered,  south  of  Big  Sandy  Creek,  Llano  County, 


as  teiana  hybrid. 
Hort.  var.  Sumlin. 

erect,  slender-branched  shrub,  with  grayish  biown  bark  on  old  wood  and  slender, 
fish  brown  pubescent  twigs  of  young  growth. 

ives  ovate  elliptic,  acute  at  apex,  rounded  or  broadly  wedge-shaped  at  base, 
e  with  glandular  teeth;  the  upper  surface  dull  green,  with  short  scattered  haiis; 
surface  grayish  green;  hairy  tomentoae;  4  to  5  cm.  long;  midrib  rather  conspicu- 
letiole  short;  stipules  3  to  4  mm.  long,  narrow,  acute,  glandular  toothed. 
it  a  small,  roundish,  pubescent-coated  plum,  upon  a  stalk  4  to  10  mm.  long. 
;en  mature,  but  described  as  red  in  color  and  a  desirable  fruit,  ripening  somewhat 
than  the  Prunus  texana  parent.  Some  of  the  characters  in  this  variety  suggest 
he  cross  may  have  been  derived  from  a  local  wild  plum  usually  classed  as  P. 
xina  var.  lanala  Sudworth,  though  perhaps  an  undescribed  species.  Trees  of 
urn  occiu-  in  the  same  field  and,  while  flowering  a  little  later,  overlap  P.  texana 
oming  period. 

IS  t»zana  hybrid. 
Hort.  var.  Holmann. 

erect-growing  shrub  i  to  2  meters  high,  of  irregular  branching  habit,  inclined  to 
ny.  Young  growth  slender,  yellowish  brown,  with  thin  pubescence ;  older  wood 
ray. 

ves  3  to  5  cm.  long,  1.5  to  2  cm.  broad,  ovate  lanceolate,  with  rounded  base  and 
apex;  margin  finely  glandular  serrate;  upper  surface  with  scattered  short  hairs; 
thinly  pubescent;  petiole  4  to  6  mm.  kmg. 

it  a  small  oval  plum  with  a  thinly  pubescent  surface,  borne  singly  or  in  pairs; 
6  to  10  mm.  long;  calyx  sometimes  persistent.  Described  as  being  of  poor 
y.  Found  in  a  scattering  group  of  small  thickets,  indicating  that  it  has  ability 
ead  by  root  sprouts. 

18  teiana  hybrid. 
Hort.  var.  Gephart. 

ree  2.5  meters  high,  with  ntunerous  slender  semipendulous  branches;  young 
b  reddish  brown,  finely  pubescent;  older  wood  silvery  gray  or  ircm  gray, 
ves  narrowly  elliptical,  approaching  oblong;  apex  rounded  or  acute,  finely 
y  serrate  with  minute  glandular  teeth;  base  rounded  or  broadly  wedge  shiqied; 
surface  dtdl  green,  covered  with  scattering  short  hairs;  lower  surface  ashy  gray 
,  finely  reticulated,  silvery  pubescent;  3  to  4  cm.  long;  stipules  2  to  3  mm^iong, 
»-,  acute,  glandular  toothed.  ■ 

it  borne  in  great  profusion,  smooth,  plumlike  in  appearance,  oval,  2.5  cm.  long, 
ellow,  with  slight  pubescence ;  stalk  3  to  5  mm.  long;  a  jtdcy  fhiit,  the  rather  soft 
:linging  to  the  pilose  pit  much  as  in  the  original  species,  somewhat  subacid  and 
ig  in  quality.  The  earliest  ripening  of  any  of  the  Prunus  texana  hybrids  so  far 
(May  13  to  18). 

IS  temui  hybrid. 
Hort.  var.  Johnson. 

s  variety  was  found  growing  interlocked  with  the  Gephart,  but  is  more  upright 
iff  branched  in  habit  and  quite  distinct.  Young  twigs  reddish  brown,  slightly 
1  at  the  nodes,  sparingly  pubescent;  older  growth  grayish  brown  or  iron  gray. 
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Leaves  naixowly  elliptical  or  obovate  elliptical,  rounded  at  the  apex,  itmnded  or 
tapering  at  tlie  base;  margin  finely  doubly  glandular  serrate,  dull  pale  green  set  with 
scattered  hairs  above,  ashy  green,  thinly  pubescent  beneath,  3  to  4.5  cm.  long,  i  to  1.5 
cm.  or,  rarely,  s  cm.  broad;  the  midribs  and  slender  petioles,  which  are  i  to  2  cm. 
long,  are  dull  purplish;  stipules  2  mm.  long,  slender,  acute,  glandular  toothed. 

Flowers  not  seen. 

Fhiit  in  dose  bunches,  single  or  paired,  2  to  2.3  cm.  long,  oval,  slightly  compressed, 
covered  with  a  fine,  soft  pubescence;  stalk  slender,  i  cm.  long,  pubescent,  inserted  in 
a  very  slight  depression.  Skin  dull  greenish  yellow,  tough;  fiesh  greenish  yellow, 
add,  flavor  better  than  that  of  the  Gephart,  but  not  a  fruit  of  high  quality;  stone 
oval,  flattened,  acute  at  apex,  having  a  soft,  short,  velvety  pile  of  the  Prunus 
<C2ona  type. 


I  hybrid. 
Hort.  var.  Bolen. 

A  compact,  pendulous-branched  tree,  about  3.5  meters  high,  with  finely  pubescent, 
famwu  twigs  of  young  growth. 

Leaves  broadly  elliptical,  narrowing  abruptly  to  an  acute  apex;  base  rounded  or 
bfoadty  wedge  shaped;  margins  finely  glandular  serrate,  upper  and  lower  surfaces 
with  scattered  silvery  hairs,  scarcely  amounting  to  a  pubescence,  4  to  4.5  cm.  long, 
a  to  2.5  cm.  broad,  the  yellowish  brown  midrib  passing  into  a  slender  hairy  petiole, 
5  to  7  mm.  long. 

Fruit  2.5  cm.  long,  1.5  to  2  cm.  broad,  oval,  slightly  oblique,  and  tapering  to  an  obtuse 
tcpex;  stalk  about  5  mm.  long,  a  little  stouter  than  in  the  Gephart  variety.  Skin  dull 
yeUow,  rather  tough;  flesh  yellow,  rather  thin  because  of  the  large  seed;  flavor  very 
similar  to  that  of  the  pure  Prunus  texana  species. 


Pnmiis  temti  hybrid. 
Hort.  var.  Stuart. 

A  small  tree  with  trunk  i  cm.  in  diameter  and  spreading  top  2.5  meters  high  and 
3  meters  broad;  branches  angular  but  smoother  and  more  open  than  in  Prunus  texana; 
bark  grayish  brown.    The  trees  show  some  tendency  to  spread  from  root  sprouts. 

Leaves  ovate  elliptical,  rounded  or  broadly  pointed  at  apex;  cuneate  at  the  base; 
serrate  or  doubly  serrate,  with  fine  glandular  teeth;  dull  green  with  fine  scattered 
hairson  the  upper  surface;  grayish  green,  finely  pubescent  beneath;  3  to  3.5  cm.  long; 
a  Goo^cuons  midrib  passing  into  a  short,  dull  red  petiole;  stipules  minute  coarsely 
glandular  toothed. 

The  flowers,  whidi  appear  later  than  the  leaves,  borne  singly  or  two  or  three  in  a 
fasdcle,  are  about  6  mm.  in  diameter,  on  slender  hairy  pedicels  from  4  to  8  mm.  long; 
caXyn  tube  narrowly  campanulate,  surface  sparsely  covered  with  short  hairs;  lobes 
elliptical,  with  scattered  glandular  teeth  and  fringed  with  fine  hairs;  inner  surface 
with  scattered  hairs;  petals  thin,  white,  broadly  obovate,  with  a  short  claw;  ovary 
-velvety  pubescent,  but  style  smooth.  Mature  fruit  oval,  about  2.5  cm.  long,  with  an 
acute  cavity  around  the  short  stalk;  dull  yellow,  with  velvety  surface  and  mellow, 
luscious,  highly  flavored  flesh.    Seed  oval,  turgid,  with  heavy  velvety  pile. 


I  hybrid. 
Hort.  var.  Hilderbrand. 
A  small  tree  with  sTender,  erect,  rather  angular  branches;  bark  smooth,  grayish. 
Leaves  obtuse  or  rounded  at  the  ends;  finely,  sometimes  doubly,  serrate,  with  minute 
gfmt^^lar  teeth;  dull  green,  with  scattered  fine  hairs  on  the  upper  surface;  gra3riah 
green  with  hairs  more  numerous  below;  3  to  3.5  cm.  long,  0.7  to  i  cm.  wide;  midrib 
tmtow,  tinged  with  dull  purple  at  the  base;  petiole  short,  slender,  pubescent;  stipules 
a  mm.  kxig,  narrow  acute,  glandtdar  serrate. 
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Flowers  not  seen,  apparently  opening  with  the  leaves. 

Fruit  oval,  velvety,  stalk  i  cm.  long,  slender,  nearly  glabrous.  (Matuie  fmit  not 
^    ^bed  as  being  red.) 


I  hybrid.  ' 

t.  var.  Whittaker. 

of  treelike  form,  2  meters  high;  branches  regular  or  somewhat  angled  at  the  j 

Lg,  slender,  with  few  spines;  bark  smooth,  iron  gray  or  brown, 
thin,  narrowly  ellipticaT,  acute  at  both  ends,  doubly  serrate  with  minute 
teeth;  dull  green  with  minute  scattered  hairs  above,  grayish  green,  more  | 

y  hairy  below;  4  to  5  cm.  long»  i  cm.  to  x.3  cm.  broad;  petiole  slender* 
,  dun  ptuple,  0.5  to  I  cm.  long;  stipules  lancelinear,  acute,  glandular  serrate, 
m.  long. 

,  appearing  with  the  leaves,  small,  on  slender  hairy  peduncles  about  6  mm. 
Is  not  seen);  calyx  tube  narrowly  elliptical,  fringed  with  fine  silvery  hairs 
ily  coated  with  hairs  on  the  inner  surface. 

)me  singly  or  in  pairs,  oval,  finely  pubescent  (not  seen  mature;  color  said 
,  the  pubescent  stalk  6  to  8  mm.  long. 

THE  NEVADA  WILD  ALMOND 

ild  almond  (Pis.  XI  and  XII,  figs,  i  and  2),  the  most  striking 
le  dry-fruited  members  of  the  plum  family  occurring  in  the 
>tates,  was  first  described  by  Asa  Gray  from  specimens  sent  him 
).  L.  Anderson,  collected  near  Carson,  Nev.,  1 863-1 866,  and  was 
1  honor  of  Dr.  Anderson. 

field  notes  and  abundant  herbarium  material  collected  by  the 
I  person  or  supplied  by  Mr.  E.  W.  Hudson,  important  characters 
re  unnoted  are  brought  out  and  this  species  is  redescribed  as 


Lderaonii  Gray. 

mdersonii  Gray,  Proc.  of  Amer.  Acad.,  v.  7,  p.  337-338.  x868. 

'us  andtrsonu  (Gray)  Greene,  PI.  Praac,  pt.  x,  p.  49.  X89X. 

jdadus  ondersouH  (Gray)  Nebon  and  Kamedy.  Muhknbergia,  v.  3,  p.  139,  X908. 

Imdder,  C.  K..  Lattbhk..  p.  598,  fiff.  335.  d,  c. 

,  much-branched,  interlocking  shrub  i  or  2  meters  high,  or,  rarely,  moie 
"ect,  and  treelike,  reaching  3  meters  or  over;  bark  of  young  branches  grayish 
eddish  or  yelk>wish  blown,  glabrous,  on  older  wood  breaking  into  coarse, 
scales.  The  leaves  are  convolute  in  the  bud,  broadly  or  narrowly  spatitfate, 
led  or  acute  apex  and  short  petiole,  finely  serrulate  or  entire,  often  with  a 
dl  glands  near  the  base,  i  to  4  cm.  long;  yellowish  or  grayish  green,  leathery, 
>r  faintly  pilose  at  the  base;  stomates  present  in  the  upper  epidermis, 
i^ers,  appearing  with  the  leaves,  are  perfect,  1.5  to  a  cm.  in  diameter,  on 
ibrous  pedicels,  1.5  cm.  or  less  in  length,  solitary  or  fascicled;  calyx  tube 
panulate,  leathery,  glabrous,  or  rarely  with  pedicel  and  calyx  cup  pubem- 
g  nectariferous;  die  lobes  triangular  with  ciliate  margins,  often  persistent 
fruit;  petals  from  pale  to  deep-rose  color,  or  rarely  white,  oval,  6  to  10  mm. 
»wing  abruptly  to  a  short  claw;  stamens  20  to  30;  style  equal  to  or  longer  than 
is;  glabrous  or  only  the  lower  one-fourth  hairy;  ovary  pubescent, 
lundish  or  obliquely  unsymmetrical,  compressed,  ctften  with  a  maskoQ, 
rentral  expansion,  abruptly  rounded  to  an  apiculate  apex;  base  disttnctly 
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necked,  i  to  1.8  cm.  long,  dull  grayish  or  greenish  yellow  with  thickly  pubescent 
surface,  usually  with  prominent,  coarae,  reticulate  venation  as  it  dries;  the  thin  flesh 
diy,  leathery,  and  astringent,  or,  rarely,  more  succulent  and  with  edible  qualities, 
usually  flitting  akmg  the  ventral  suture  at  maturity  after  the  fashion  of  an  almond. 

Stone  roundish,  unsymmetrical,  turgid  or  compressed,  the  narrow  dorsal  wing 
having  a  shallow  groove;  the  ventral  wing  often  much  expanded;  has  an  acute  central 
ridge  usually  flanked  by  parallel  ridges  and  obscure  reticulate  veins;  stuface  smooth 


Flo.  4.'—Pruiius  amUrstmii  Gray:  A»  Petal,  X  3;  B,  section  of  a  flower.  X  3; 
C,  calyx  showing  ciliate  margint,  X  5:  D,  £,  dried  fruit  zH  times  natural 
size;  F,  G,  stone,  ifi  times  natural  size. 

or  obscurely  or  decidedly  pitted;  apex  rounded  to  an  acute  point,  base  with  a  more 
or  less  thin,  attenuated  neck;  kernel  small,  pointed,  grooved  in  some  varieties,  edible, 
often  stron{^y  flavored  with  prussic  acid.    (Pig.  4.) 

This  Species  is  one  of  the  most  distinctive  of  those  commonly  included 
in  the  Emplectodadus  group. 

On  motmtain  sides  and  dry  foothills  of  eastern  California  and  Nevada 
it  is  a  sqnarrose,  much-branched  and  spiny  shrub,  i  to  2  meters  in  height 
and  diminishing  to  0.5  or  0.7  meter  at  its  upper  Umit  of  growth.  In 
more  favorable  situations,  along  the  shore  of  Pyramid  Lake  and  other 
localities  where  better  soil  and  a  more  constant  supply  of  water  occtu*,  it 
becomes  a  large  shrub  or  even  a  small  tree.  Forms  appear  reaching 
over  3  meters  in  height,  nearly  free  from  spines,  with  dean,  free  growing 
branches  and  have  the  appearance  of  young  peach  or  almond  trees. 
(Fl.  XII,  figs.  I  and  2.)   ^Well-marked  varietal  forms  are  found,  not  only 
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in  habit  of  growth  and  branching,  and  color  and  texture  of  bark,  but 
in  size  and  color  of  flowers  and  character  of  fruit.  ^ 

One  variety  was  noted  with  fruits  of  unusual  size  and  having  a  fleshy 
development  of  the  pericarp  instead  of  the  characteristic  dry,  leathery 
coating. 

A  very  strongly  developed  taproot  is  ar  characteristic  of  this  q)ecies  as 
well  as  of  several  others  of  the  group.  This  has  been  very  noticeable  in 
growing  seedlings.  Seeds  stratified  in  sand  and  exposed  to  open  condi- 
tions of  a  severe  winter  of  Washington,  D.  C,  made  a  vigorous  germination 
early  in  March,  sending  down  strong  taproots,  while  the  tops  were  but 
two  or  three  leaves  above  the  ground.  This  must  be  recognized  as  an 
adaptation  which  has  enabled  them  to  survive  under  peculiar  local  con- 
ditions. Where  wild-almond  thickets  occur  there  can  usually  be  traced 
at  a  depth  of  i  or  2  meters  a  layer  of  soil  or  sand  where  more  permanent 
moisture  is  afiForded  than  prevails  near  the  surface.  After  the  taproot 
has  penetrated  this  layer  small  branches  spread  out  into  it  and  the 
moisture  made  available  enables  the  plant  to  survive  drought  and  heat 
which  would  have  caused  it  to  perish  if  supported  by  superficial  roots. 

The  range  of  occurrence  of  this  species  is  shown  on  the  map  (fig.  i) 
and  is  a  region  of  such  scant  rainfall  that  little  agriculture  is  possible 
without  irrigation.  Taking  Carson  City,  Nev.,  as  a  t)T>icaJ  station,*  the 
mean  annual  precipitation  is  slightly  above  10  inches,  falling  as  low  as 
5  inches  in  years  of  extreme  drought.  The  2  feet  or  more  of  snow  forms 
a  considerable  portion  of  the  annual  moisture,  the  mean  precipitation 
from  April  to  September,  inclusive,  being  but  2.4  inches.  With  summer 
heat  occasionally  reaching  100®  F.,  and  the  average  winter  temperatures 
of  —20^  F.,  some  idea  of  the  hardiness  and  drought  resistance  of  this 
species  can  be  formed. 

THE  DESERT  APRICOT 

This  striking  apricotlike  species  occurs  only  in  certain  out-of-the-way 
places  in  southern  California.     (Pis.  XII,  fig.  3,  XIII,  and  XIV,  fig.'i.) 

Confined  chiefly  to  a  narrow  zone  on  the  desert  side  of  the  San  Ber- 
nardino and  San  Jacinto  Mountains,  the  only  frequented  spots  of  its 
habitat  are  the  village  of  Palm  Springs  at  the  foot  of  San  Jacinto  P4ak 
on  the  south  and  the  almost  deserted  hamlet  of  Banner  at  the  foot  ci 
the  mountains  and  just  above  the  border  of  the  desert  below  Julian  in 
San  Diego  County. 

In  the  Gray  Herbarium  the  type  ^>ecimen  sheet  has  mounted  upon  it 
a  specimen  bearing  the  label  **Prunus  subcordaia,  Bth,"  and  in  print, 

'Mr.  B.  W.  Hudson,  of  the  Oflkc  of  Crop  Physiolosy  and  Breeding  Invrsrigatinns.  while  doJngcoopcwtiyt 
voiric  at  Wadswoffth  Agency,  made  numcroiit  collect iona  of  this  species  in  1910  and  noted  that  the  Ikiwefi 
langed  in  color  from  pale  pink  to  a  deep-^ose  color,  and  also  varied  greatly  in  sixe. 

*  Henry.  A.  J.  Oimatology  of  the  United  States.  U.  S.  Dept.  Agr.  Weather  Buicau.  Bulletin  Q, 
9.990^x906. 
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"Flom  of  Soathem  California,  &c.  Coll.  by  C.  C.  Parry  and  J.  G. 
Lemmon,  1876."  In  the  upper  ri^t-hand  comer  of  the  same  sheet 
is  a  specimen  ol  very  different  appearance  bearing  the  label,  "Fre- 
mont's Expedition  to  California,  1845-7.  370 — 1846,"  and  in  pencil 
"New"  (m  the  hand  of  Dr.  Asa  Gray).  At  the  bottom  of  this  sheet 
is  the  penciled  label  "P.  Fremonti  Watson,  n.  sp." 

The  q>ecimen  first  cited  and  referred  to  as  collected  by  Cleveland  in 
OrLflamme  Canyon  bears  the  label  "P.  subcardaia,  var.  eriogyna,"  but  it 
has  also  beneath  a  subsequent  label  the  penciled  inscription,  "P.  Fre- 
monH  Watson,  n.  sp." 

It  has  been  noted  by  Mr.  W.  F.  Wight,  of  the  Bureau  of  Plant  Industry, 
in  a  memorandum  placed  upon  the  specimen  in  1910,  that  the  Fr6mont 
q)ecimen  is  Prunus  subcordata,  a  determination  supported  by  the  glabrous 
pistils  and  the  leaf  characters. 

Dr.  Watson  cleariy  had  before  him  three  specimens  upon  which  he 
based  his  description  of  the  new  species  and  to  which  he  attached  the 
name.  While  he  dtes  the  Pr^ont  specimen  last  we  may  readily  pre- 
sume that  it  was  because  of  its  lacking  a  definite  locality  label,  which 
the  first  and  second  citations  possessed.  Having  incorrectly  included 
it  in  the  type  material,  however,  and  having  given  the  name  ** Fremonti" 
to  the  species,  this  specimen,  according  to  the  American  Code  ol  Botan- 
ical Nomenclature  (section  4,  canon  14,  a),  becomes  the  type  spedmen. 
Prunus  fremonti  Watson,  then  becomes  a  synonjrm  of  P,  subcordaia 
Benth.,  leaving  the  species  bordering  the  Colorado  Desert  unnamed. 
The  name  Prunus  eriogyna  is  accordingly  proposed  for  this  species. 

These  two  species  seem  to  have  been  subject  to  much  confusion  by 
the  earlier  collectors. 

Dr.  Tomey  in  the  Botany  of  the  Mexican  Boundary  Survey  *  refers 
specimens  collected  by  the  expedition  at  San  Felipe  to  "Prunus  sub- 
cordaia, Benth.,  PL  Hartw.,"  yet  his  description  tallies  well  with  P. 
eriogyna,  and  the  San  Felipe  locality  renders  it  probable  that  he  had 
this  species  before  him. 

Th(e  specimen  collected  by  Fr6mont  is  undoubtedly  Prunus  subcor- 
daia Benth.,  the  type  of  which  was  collected  by  Hartw^  somewhere 
about  the  upper  waters  of  the  American  River  in  the  latter  part  of 
April^  1846.' 

By  an  interesting  coincidence  Col.  Fr^ont  in  his  Memoirs,  p.  476, 
mentions  camping  March  26,  1846,  at  the  ranch  of  the  same  Mr.  Cordua 
where  Hartw^  made  his  headquarters  in  the  Sacramento  country. 
The  month  of  April  Fremont  spent  in  the  region  tributary  to  the  Sacra- 
mento River,  now  included  in  Butte,  Tehama,  and  Shasta  Counties, 

>  Tocrey,  John.  Botany  of  the  boandary.  Bmoiy.  W.  H.  Report  of  the  United  States  and  Mexican 
BooDdary  Survey  ...    v.  a,  Waahintton,  1859.  p.  63. 

*  Hnitwtc  T.  Jooxaal  of  a  mkrinn  to  Califoniia  in  tcardi  of  plants.  Jonr.  Roy.  hoit.  soc  [London], 
▼.  s,  p.  aai.  1848. 
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and  the  date  of  Hartweg's  collection,  made  at  a  considerable  altitude  in 
the  foothills,  suggests  the  probability  that  the  Frtmont  specimen  was 
secured  in  the  upper  waters  of  one  of  the  many  mountain  tributaries 
which  he  visited. 

From  abundant  material  collected  near  Palm  Springs  and  in  the 
Banner  Canyon  of  San  Diego  Coimty  and  from  field  notes  covering 
several  seasons'  observations  the  following  detailed  description  of  this 
new  species  has  been  drawn. 

Prunos  erio^yna,  n.  sp.    (Fig.  5.) 

Prumu fremcnii^  S.  Watson,  in  CalifonuA,  Geotogical  Survey,  Botany,  v.  a.  Cambridge  (Mass.).  p. 
44»-443.  x88o, 

Amygdahufrmmoiai  (S.  Wataoo)  Abrams.  in  BulL  N.  Y.  Hot.  Card.,  v.  6,  no.  31,  p.  385,  ScpC,  19x0. 

Illus.,  Schneider,  C  K..  Laubhk.,  Lfg.  5.  P-  S9S.  fiff-  335*  u.  ▼• 

A  spiny,  intricately  branched  and  angled  shrub  reacliing  4  meters  in  height.  Twigs 
of  young  growth  glabrous,  bright  reddish  brown,  becoming  silvery  gray  or  brown 
Willi  age.    Bark  on  old  stems  black,  breaking  into  thin  plates  or  scales. 

Leaves  variable,  lanceolate,  ovate  or  orbicular,  or  sometimes  broader  than  long, 
rounded  or  cordate  at  the  base,  narrowing  abruptly  to  a  short  acute  apex  or  oftea 
nnmded  or  obtuse;  glandular  denticulate,  usually  with  one  cm*  more  latger  glands 
near  the  base  or  rarely  on  the  petiole;  both  surfaces  pale  grayish  green,  shining  above, 
firm,  sometimes  leathery;  midrib  and  veins  prominent  on  imder  surface;  stomates  in 
both  upper  and  lower  surfaces;  x.5  to  3  cm.  long,  1.5  to  3.5  cm.  or  more  broad;  petiole 
6  to  8  mm.  long;  stipules  minute,  narrowly  acuminate,  glandular  denticulate. 

The  perfect  flowers,  borne  in  small  umbels  and  having  a  faint,  agreeable  odor  are  pro- 
duced in  great  profusion,  appearing  from  January  to  March,  according  to  rainfall,  when 
the  leaves  are  partially  developed.  In  bud  they  are  white,  salmon,  or  rose  pink.  Ex- 
panded they  are  usually  6  to  8  mm.  in  diameter,  reaching  18  mm.  in  some  forms,  on 
slender  pedicels  6  to  12  mm.  long;  calyx  tube  short,  campanulate;  outer  surface 
glabrous  or  thinly  pubescent;  inner  covered  with  a  salmon  or  rose  colored  pigment; 
lobes  oval,  half  as  long  as  th^  petals,  finely  pubescent  on  inner  smface,  glandular 
ciliate,  often  hanging  loosely  in  a  dried  condition  around  the  pedicels  oi  the  mature 
fruits;  petals  white,  pink,  or  rose,  3  to  6  mm.  long,  oval,  incurved  at  apex,  base  round- 
ing to  a  stout  claw;  stamens  about  24  to  30,  many  imperfect;  ovary  and  lower  portioo 
of  the  style  finely  pubescent;  stigma  but  little  expanded. 

The  fruit,  which  ripens  in  May,  is  in  appearance  a  small  apricot,  x  to  a  cm.  long,  sub- 
globose,  ovoid  or  oblong  ovoid,  sometimes  oblique,  slightly  or  decidedly  compressed; 
apex  mucronate;  skin  puberulent,  dull  yellow  or  greenish  yellow,  often  with  a  dull- 
rose  fltish,  with  a  well-marked  ventral  suture  along  which  the  thin  astringent  fledi 
opens  in  ripening,  sometimes  allowing  the  stone  to  drop,  while  the  desiccated  flesh 
remains  attached  to  the  peduncle;  stone  smooth  or  slightly  xou^ened,  usually  flat- 
tened or  somewhat  turgid,  obtuse  at  both  ends  with  a  well-marked  dorsal  furrow  and  a 
thick  ventral  expansion  along  the  middle  of  which  is  a  low,  acute  ridge  separated  by 
smooth,  narrow  furrows  from  two  obtuse  parallel  ridges;  often  one  or  more  pairs  ol 
obscure  veins  extend  from  the  base  and  branch  along  either  side;  stony  walls  thick, 

^**  P.  FrnmcmH,  A  tpinyflabtmisticnady  blanched  afanib  or  loiall'acfagsytfee  (15  feet  high)  with  diort 
biandikts:  leaves  small  (4  to  8  lines  long),  thin,  ovate  or  roundish,  on  short  slender  petioles,  denticulate: 
flowers  ax>pearhig  with  the  leaves.  soHtary  or  somewhat  fascicled,  5  or  6  Ifaies  broad,  on  pediceb  a  or  3  Imei 
lone:  calyx  lobes  filiate:  orary  densely  pubescent;  st^e  doogated:  stone  oblong,  tmsid,  toonded  00  ooe 
side  and  with  a  broad  ridge  upon  the  other,  5  lines  long. 

"Coast  Ranges  of  Southern  Cahfomia.  Oriflamme  Cafioa,  San  Diego  County  iD.  Clnttaiii)\  Sm  Be^ 
nkfdInoMoiffltaiiis,  Parry  &  lAmmon,  n.  108. 1876.    Also  collected  by  FmmotU  \n.  z8;«6,  locality  t 
Ploweiing  in  liardi;  fruit  probably  with  little  pulp." 


Digitized  by 


Google 


Nor.  lOk  19x3 


Pubescent-Fruited  Species  of  Prunus 


169 


kernel  small,  strongly  flavored  with  prussic  acid.  Tjrpe  specimen  in  United  States 
National  Herbarium,  C.  P.  B.  No.  1155.  Merotypes  cut  from  the  tree  that  yielded  the 
t3rpe  ^)ecimen  have  been  sent  to  a  number  of  other  herbaria. 

The  type  locality  of  Prunus  eriogyna  is  along  the  watercourse  in  the 
boolder  talus  at  the  mouth  of  Tahquitz  Can.yon  at  the  southern  base  of 
the  San  Jacinto  Mountain,  near  Palm  Springs,  Riverside  County,  Cal. 
It  is  also  found  on  dry 
talus  slopes  in  Andrseas, 
Murray,  and  Palm  Can- 
3^ons,  along  the  trail  to 
Van  Deventer  Flats  be- 
low Santa  Rosa  Peak, 
and  up  the  rocky  slopes 
of  the  San  Jacinto 
Mountains  to  an  al- 
titude of  over  2,000 
feet,  growing  in  barren 
soil  and  crevices  of 
rocks,  being  apparently 
extremely  xerophytic. 
Its  range  is  from  the 
soathem  slopes  of  the 
San  Bernardino  Moun- 
tains southward  along 
the  desert  slopes  of  the 
San  Jacinto  Mountains 
to  San  Di^o  County, 
and  into  Lower  Cali- 
fornia. 

The  plumlike  appear- 
ance of  the  wood,  es- 
pecially of  the  younger 
growth,  and  perhaps  a  sprinkling  of  roundish  or  oblong  green  pubescent- 
coated  fruits,  would  excite  an  inquiry  that  would  bring  out  the  names 
"desert  almond"  or  "wild  apricot.'' 

ADAPTATION  TO  DESERT  CONDITIONS 

The  adaptations  of  Prunus  eriogyna  to  the  peculiar  conditions  which 
prevail  on  the  desert  slopes  of  mountains  are  worth  noting.  The  rain- 
fall, slight  as  it  is,  really  governs  plant  activities,  and  vegetation  becomes 
most  nearly  dormant  during  the  summer  months.  The  rains  consist  of 
rare  torrential  downpours  in  August  and  light  rains  from  October  to  May, 
but  are  nearly  confined  to  the  period  from  December  to  March,  the  entire 
volume  ranging  from  less  than  an  inch  to  9  inches  and  a  fraction  annually. 
With  warm  winter  days  and  the  temperature  at  night  falling  but  Uttle 
13000*— 13 6 


Fio.  5. — Prtmus  eriogyna,  n.  sp.:  i4,  Section  of  calyx,  X  3;  B,  deUU 
of  portion  of  catyx  with  petals,  from  outaide,  ahowinc  ilanriiihr 
dliation  of  lobes.  X  3:  C.  twic  showing  angular  habit  of  branching, 
leaves  and  fruit  attached.  K  natural  size. 
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below  freezing  the  v^etative  activity  in  many  species  of  plants  that 
have  become  dormant  during  stmmier  drought  may  be  resumed  at  any 
time  when  a  sufficient  supply  of  water  is  afforded. 

In  the  case  of  Prunus  eriogyna  a  copious  November  rain  may  start  the 
favorably  located  bushes  into  activity,  so  that  a  small  percentage  of  the 
many  flower  buds  will  open  in  January.  Cool  nights  and  light  frosts  may 
destroy  a  portion  of  these  buds,  but  some  will  set  fruit,  indicating  a  fair 
degree  of  hardiness  for  this  species.  At  the  time  of  the  main  flowering 
in  March  there  may  be  a  few  scattering,  nearly  mature  fruits,  which 
escape  the  numerous  plum  curculios  and  furnish  a  small  supply  of  seeds 
for  germination  should  the  rainfall  be  inadequate  to  mature  the  main 
crop  of  fruit. 

In  seed  germination  this  species  differs  strikingly  from  ordinary 
apricots  or  plums.  Germination  is  rapid,  the  plants  appearing  above  the 
ground  in  from  8  to  10  days.  As  an  example,  in  a  pot  of  seeds  sown  in 
sandy  soil  in  a  greenhouse  on  July  31a  number  of  plants  were  above  the 
soil  on  August  6.  One  with  the  pltunule  i  cm.  long  had  already  sent 
down  a  taproot  of  9  cm.  In  desert  conditions  with  fruit  ripened  in  May 
germination  is  necessarily  deferred  till  the  autumn  or  winter  rains  set  in, 
when  the  quick  germination  habit  is  essential  to  its  success.  Getting  its 
roots  down  to  a  zone  of  permanent  moisture,  however  slight,  is  the 
necessary  thing  if  the  seedling  is  to  survive  the  dry,  hot  summer  that 
follows.  A  sufficient  leaf  expansion  to  afford  the  needed  root  growth  is 
all  that  is  necessary  and  more  would  only  hasten  transpiration  and  waste 
the  limited  supply  of  moisture. 

That  even  the  best  forms  of  Prunus  eriogyna  are  far  from  having  the 
quality  of  cultivated  apricots  is  evident  from  the  i4>pearaxice  of  the 
plants,  but  that  this  desert  species  of  the  Pacific  slope  has  very  dose 
affinities  with  the  true  apricot  of  the  Orient  can  not  be  doubted.  The 
apricot  relationship  of  P.  andersonii,  with  which  is  placed  P,  eriogyna,  is 
not  so  evident,  yet  its  convolute  leaves,  fascicled  flowers,  and  slender- 
stalked  fruit  with  a  slight  tendency  to  be  fleshy  will  ally  it  to  the  Prunus 
dasycarpa  type  of  the  apricot  more  nearly  than  to  the  almond. 

THE  CALIFORNIA  DESERT  ALMOND 

The  desert  almond,  also  called  the  "wild  peach"  and  "wild  almond," 
occupies  a  range  much  farther  south  and  east  than  that  of  the  Nevada 
wild  almond,  Prunus  andersonii.  It  overlaps  the  southern  range  of 
P.  andersonii  in  Nevada  and  eastern  California  and  that  of  P.  eriogyna 
in  southern  California.  It  has  been  collected  near  the  coast  in  San  Luis 
Obispo  and  Santa  Barbara  Counties  and  as  far  east  as  southwestern  Utah 
and  northwestern  Arizona.  Its  greatest  abundance  as  far  as  studied  is 
along  the  foothills  bordering  the  Mohave  Desert  in  the  neighborhoods 
of  Hesperia  and  Neenach  at  altitudes  of  3,000  to  3,500  feet.    The  soils 
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it  favors  seem  to  be  from  decomposed  granite  or  mica  schist.  In  washes 
where  the  sands  and  silts  from  these  rocks  are  deep  an  enormous  root 
development  is  made,  the  plants  forming  dense  thickets  of  many  sprouts, 
reaching  7  or  8  feet  in  height.  On  granitic  slopes  above  the  washes  the 
plants  occasionally  grow  with  a  single  stem  and  a  miniature  tree-like 
form  (PI.  XIV,  fig.  2).  The  following  description  of  this  species  is  tho 
result  of  examination  of  many  plants  in  the  field  and  the  study  of  abundant 
herbarium  material. 
Pnmos  fudculata  Gray.    (Fig.  6.) 

EmpUdodadus  fasdculatu*  Ton.,  PI.  Fremont,  p.  lo-xx,  pi.  5.  1853.' 
Pnmus  fasciculaia  Gray.  Proc  of  Axner.  Acad.,  v.  zo,  p.  70,  1875. 
Amyvdalusfasciculata  Greene,  Fl.  Franc,  pt.  z.  p.  49t  X89X. 
Ilhis..  Schneider.  C  K..  Laubhk..  Ug.  5.  P-  598.  fie.  335.  f.  ff.  h;  Torr.,  loc  cit. 

A  nmch-branched,  scarcely  thorny  shrub,  with  many  small  branched  stems  from 
a  common  crown  or  rarely  with 
a  single  stem  and  short  stiff 
branches,  usually  x  or  2,  rarely 
3  meters  high,  with  stems  6  to 
10  cm.  in  diameter  at  the  base. 

The  bark  on  young  twigs  is 
usually  pubenilous  or  pubes- 
cent, at  first  pale  green,  dark- 
ening to  reddish  or  silvery 
brown,  with  conspicuous  lenti- 
ccls;  dark  gray  brown  or  nearly 
black  on  older  wood. 

The  leaves,  conduplicate  in 
vernation,'  are  borne  singly  on 
young  wood  of  free  growth,  but 
are  fascicled  on  short  budlike 
suppressed  brancfalets  on  older 
growth.  They  are  narrowly 
Hsiear  spatulate  with  a  mucro- 
nate  apex  and  cuneate  base; 
margin  entire  or  with  a  few 
fine  serrations;  blade  thin,  pale 
green,  pubenilous  above  and 
bek>w;  i  to  4  cm.  long,  3  to  7  mm.  broad;  petiole  short  or  wanting;  stipules  caducous, 
slender,  attenuate,  minutely  glandular. 

The  flowers,  dioecious  by  abortion  of  stamens  or  pistils,  are  minute,  solitary  or 
paired,  sessile  or  very  short  stalked.  In  the  staminate  form*the  calyx  tube,  about  3 
mm.  long,  is  obconic  campanulate,  with  bltmt  triangular  teeth;  glabrous  or  faintly 

■  Prom  iaooinpfete  nuitcrkl  coUrcted  by  Gen.  FrteKmt  this  species  was  made  the  basis  of  a  new  genus 
by  Dr.  Torrry  in  i8s3.  the  l4ttin  description  of  which  is  rendered  in  En^ish  as  follows: 

Bmplectocladiis  n.  eeu-^Calyx  obconical  oampanniatc;  tube  not  at  all  contracted  at  the  naked  throat; 
fimb  divided  into  five  equal  parts,  persistent.  Petab  5,  crect-spreadinc.  Stamens  10  to  13,  biserial.  pistils 
I  to  3  (senenUy  solitary),  unilocular;  ovules  two,  collateral,  pendulous.  Style  very  short,  thidc,  sE^tly 
obli<iiae.  stisma  capitate.    Fruit . 

Cafifomia  shrub,  very  much  brandied;  branches  rigid,  spreading,  subspinesccnt:  leaves  minute,  spatu- 
bte.  Lam  subglobular  buds,  almost  fascicular;  stipules  minute,  deciduous;  flowers  subeolitary.  sessile, 
temnnalf  small. 

>  Only  the  most  careful  inspection  of  very  young  leaves  as  they  emerge  from  the  bud  win  discover  that 
tbey  axe  coodnplicate.  The  adhering  margins  of  the  linear-spatulate  leaves  hold  them  in  a  tubular  fonn. 
•a  tbey  expand,  giving  them  a  rolled  appearance  whidi  is  accented  by  a  slight  twist. 


Fig.  6.— Prunus  fascicmtata  Gray:  A ,  Section  of  staminate  flower, 
showing  abortive  ovary  and  minute  luiirs  on  interior  ci  calyx, 
X  3;  B,  calyx  cup,  pistillate  form,  showing  abortive  stamens* 
X  3;  C,  detail  of  calyx  lobe,  X  5;  Z>,  fecundated  ovary,  X  3; 
£,  F,  G,  fruits,  three  fonns,  natural  size;  H,  /,  /,  seed,  dorsal, 
ventral  and  side  views,  natural  size. 
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puberulous  without  and  minutely  hairy  on  the  inner  surface.  Ten  or  twelve  stamens 
on  short  filaments  are  arranged  in  two  series.  The  petab,  2  mm.  long,  are  white, 
broadly  obovate  cuneate,  with  erose  margins  and  without  claw. 

In  the  pistillate  form  the  calyx  tube  is  rather  more  campanulate.  There  are  minute 
abortive  stamens  and  the  pubescent  ovary  is  surmotmted  by  a  smooth  style,  2  to  3 
mm.  long.  The  mature  fruit,  borne  on  a  very  short  peduncle,  is  coarsely  pubescent, 
irregularly  globose,  i  to  1.3  cm.  long,  having  a  distinct  ventral  ridge  with  a  fallow 
furrow  through  the  center  and  two  or  three  pairs  of  small  concentric  ridges  arising 
from  the  base  and  disappearing  toward  the  rounded  apiculate  apex. 

The  thin,  dry  pericarp  does  not  split  as  in  Prunus  andersonii  and  P.  eriogyna. 
The  thin-walled  stone  is  smooth  surfaced  excepting  minute  sharp  ridges  correspond- 
ing to  those  of  the  outer  surfaces.  Kernel  scarcely  edible  because  of  the  strong  pnissic- 
acid  flavor. 

Mr.  F.  V.  Coville  seems  to  have  been  the  first  to  notice  that  the 
flowers  of  this  species  were  otherwise  than  perfect.  His  description 
contains  the  following  paragraph : 

The  flowers  are  polygamo-dioecious,  a  fact  which  explains  Dr.  Gray's  diffi- 
culty ^  in  identifying  Torrey  's  plants  with  others  subsequently  collected.  la  the  pre- 
vailingly male  flowers  the  petals  in  our  specimens  are  elliptical  lanceolate,  appressed 
strigoseonthe  back,  3  to  3.5  mm.  long;  the  filaments  2  mm.  and  the  anthers  i  to  i.a 
mm.  in  length,  while  the  style  is  i  to  a  mm.  long,  and  the  pistil  sterile.  In  the  fertile 
flowers  the  petals  are  ovate,  glabrous  on  the  back,  2  to  3  mm.  long,  the  filaments 
0.6  to  0.8  mm.,  the  anthers  0.4  mm.,  and  devoid  of  pollen,  and  the  style  about  2  mm. 
long.  The  sterile  flower  is  the  one  figured  by  Torrey  (loc.  cit.,  pi.  v).  The  form 
and  length  of  the  petals  probably  vary  considerably.' 

Schneider "  recognizes  this  and  the  two  following  species  as  "subdi- 
ddsch''  (subdicedous). 

THE  TEXAS  ALMOND 

The  Texas  almond,  first  collected  by  I/indheimer  south  of  New  Brauns- 
fels,  Comal  Coimty,  Tex.,  "not  far  from  Cebolo  Cr.,"  occurs  in  the  north- 
west suburbs  of  San  Antonio  and  occupies  an  imperfectly  known  region 
southwestward  to  the  Rio  Grande  and  beyond  *  apparently  restricted  to 
the  limestone  soil  of  the  Cretaceous  formation.     (Pig.  2.) 

The  region  of  the  lower  Pecos  near  the  Rio  Grande  is  one  of  deep 
deposits  of  soft  cretaceous  limestone  rock,  deeply  eroded  and  very  broken. 
The  soil  over  the  hills  is  often  very  thin  or  the  bare  rock  is  wholly  exposed. 
In  the  broader  washes  some  soil  is  beginning  to  collect  in  the  form  of 
miniature  bottom  lands,  occasionally  overflowed  by  the  run-oflf  from 
heavy  rains.  Along  these  washes  there  is  sometimes  a  fringe  of  scrubby 
growth  of  hackberry,  oak,  the  western  black  walnut  (Juglans  rupesiris), 
the  "chapote,"  or  Mexican  persimmon  (Diospyros  iexana),  and  similar 
arid  land  forms.     It  is  in  these  situations  that  the  Texas  almond  is  found 

'  Proc  Amer.  Acad,  x.,  p.  70  (1874)- 

*  CoviUe,  P.  V.    Botany  of  the  Death  Valley  expedition.    Contrib.  Nat.  Herbarium,    v.  4,  p.  91. 1899. 

'  Schneider,  C  K.    Hlustriertes  Handbudi  der  Laubholzkunde,  Bd.  x.  tig.  5.  Jena,  1906.  p.  598. 

*"  ...  Gravelly  places  and  ravines  between  Devil's  River  and  the  Rio  Grande;  also  in  Chihaahiia: 
Parry.  Bigelow."  Torrey,  John.  Botany  of  the  boundary.  Emory.  W.  H.  Report  of  the  United 
States  and  Mexican  Boundary  Survey  ...    v.  2,  Washington,  1859,  p.  63. 
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lather  tlian  in  strictly  upland  conditions,  though  in  a  few  instances  it 
was  found  on  high  ground,  where  it  benefited  by  no  addition  to  the  rain- 
fall by  means  of  nm-offs. 

The  Texas  almond  is  a  shrub  scarcely  6  meters  high  in  its  northern 
range.  Where  it  was  studied  by  the  writer  in  Valverde  Co.,  Tex.,  along 
the  limestone  washes,  it  frequently  forms  thickets  from  i  to  i  .6  meters 
in  height,  with  stems  2  to  3  cm.  in  diameter. 

The  dioecious  habit  of  this  plant  is  one  of  its  most  marked  character- 
istics, when  one  has  the  opportunity  of 
examining  the  plants  in  large  numbers 
in  its  most  favorable  conditions. 

The  bushes  bearing  the  staminate  flow- 
ers are  much  more  numerous  than  the 
fruiting  ones  and  the  flowers  more  numer- 
ous and  crowded,  so  that  in  the  field  it  is 
generally  possible  to  distinguish  the  types 
from  a  distance.  The  examination  of  a 
large  number  of  plants  in  flower  in  Val- 
verde County  failed  to  show  a  single  case 
in  which  the  flowers  could  be  called 
polygamo-dioecious.  In  no  case  were 
hermaphrodite  and  tmisexual  flowers 
found  on  the  same  plant.  Not  a  pistil- 
late flower  was  f oimd  with  fertile  stamens 
nor  a  staminate  flower  that  did  not  have 
the  pistil  abortive  and  much  reduced  in 
size. 

During  seasons  of  drought  and  scarcity 
of  forage  these  bushes  are  browsed  by 
stock  on  these  ranges.  In  the  suburbs  of 
San  Antonio,  where  the  grazing  of  cows 
has  been  heavy  on  vacant  lots,  these 
bushes  were  f  round  cropped  back  to  a 
very  small  size  and  nearly  all  affected 
with  crown-gall. 

Field  study  of  two  seasons  of  this  spe- 
cies in  flower  and  fruit  has  furnished  the  material  for  the  following 
revised  description  (PI.  XV.) : 

Pnmiis  minutiflora  Engelm.    (Fig.  7.) 

Pnmms  mmtOi/lora  Engeim..  in  Gray,  A..  PI.  Undhdm.,  pt.  a,  Boston  Soc.  Nat.  Hist.,  v.  6,  p.  185,  iSso* 

Ctrofus  wummtiflora  (Bngehn.)  Gray,  in  PI.  Wright,  pt.  x,  p.  68,  1853. 

Am^gdahu  numitiflora  (Bncdm.)  W.  P.  Wight,  in  Dudley  Mem.  Vol..  p.  130,  1913. 

Iflns.,  Schneider,  C.  K.,  I^aubhk.,  I«fg.  5,  p.  598,  fig.  335,  m,  n,  o,  p. 

An  erect  but  much-branched,  angled  and  spiny  shrub,  from  0.5  to  1.6  meters  high, 
stems  I  cm.  to  3  cm.  in  diameter,  forming  considerable  thickets  along  limestone 
slopes  and  washes  in  the  cretaceous  section  of  central  and  western  Texas. 


FlO.  ^.-~PTunus  mmutiflora  Engolm.:  A, 
Section  of  flower  of  pistillate  form,  show^ 
ing  well-developed  pistil  and  abortive  sta- 
mens, X  4;  B,  section  of  flower,  staminate 
form,  showing  well-developed  stamens 
and  abortive  pistil,  X  4;  C,  detail  of  calyx 
lobes  and  petals.  X  4. 
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Twigs  of  young  growth  often  puberulous,  reddish  brown  or  silvery  gray;  older  wood 
with  silvery  gray  or  iron-gray  bark. 

The  leaves,  which  are  conduplicate  in  the  bud,  borne  singly  on  young  growth  but 
fascicled  on  short  spurs  on  older  wood,  are  spatulate  or  narrowly  elliptical;  apex 
rounded,  retuse  or  mucronate;  base  cuneate,  entire  or  with  one  to  several  minute 
teeth  on  either  margin,  and  rarely  one  or  two  near  the  base,  glandular  tipped,  firm 
and  leathery,  pale  bluish  green,  glabrous  or  faintly  puberulous  at  the  base,  x  to  3  cm. 
long,  0.5  to  I  cm.  wide;  petiole  short,  slender;  stipules  2  mm.  long,  acuminate,  ciliate 
margined. 

The  minute  flowers,  borne  singly  or  paired,  on  short  pedtincles,  are  usually  crowded 
on  short,  budlike  fruiting  sptus.  They  appear  with  the  leaves  in  February  or  March 
and  are  minute  and  dicecious  by  the  abortion  of  the  stamens  in  the  fruiting  form  and 
of  the  pistils  in  the  opposite  form .  In  both  types  the  inner  surface  of  the  calyx  is  finely 
hairy.  In  the  pistillate  type  the  calyx  tube  is  obconic,  glabrous;  lobes  triangular, 
acute;  peduncle  3  mm.  long,  puberulous;  ovary  and  lower  portion  of  the  style  finely 
pubescent.  There  are  usually  15  or  more  abortive  stamens.  Petals  white,  about 
2  mm.  long,  obovate  ctmeate,  with  sintious  or  erose  margins  and  short,  stout  claws. 

In  the  staminate  flowers  the  tube  is  slightly  broader,  the  stamens  10  to  15  or  rarely 
x6  to  30  on  short  filaments,  usually  with  a  stamen  opposite  each  petal,  one  or  two 
against  each  calyx  tooth,  and  an  irregular  number  disposed  on  the  upper  surface  of  the 
tube.    The  pistil  is  abortive  and  much  reduced. 

Fruit  globose,  apiculate  and  with  shallow  ventral  furrow,  pubescent,  i  to  1.5  cm. 
long,  the  thin,  dry  sarcocarp  scarcely  dehiscent;  the  stone  smooth  with  but  a  slight 
furrow  on  ventral  surface. 

THE  MEXICAN  ALMOND 

The  Mexican  almond  vras  the  first  of  this  group  to  be  described, 
but  to-day  is  the  least  known  of  all  of  them.  Pound  in  the  high  moun- 
tain regions  of  Mexico,  it  has  been  little  collected  and  it  is  not  known  that 
it  has  as  yet  been  brought  into  cultivation. 

Judged  by  the  pubescent  thin-fleshed  fruit  with  its  smooth,  oval  stone 
its  relationship  would  be  considered  near  to  the  Texas  almond  (Prunus 
minuHflora)  which  crosses  the  border  into  Chihuahua,  but  its  more 
slender  and  less  spinose  twigs  and  especially  the  serrate,  finely  pubescent 
leaves  indicate  that  it  is  a  quite  distinct  species.  In  1823  Humboldt  and 
Bonpland  found  it  growing  in  arid  hills  between  Pachuca  and  Moran 
(Estado  de  Hidalgo)  at  an  altitude  of  7,800  feet  and  describe  it  as  a 
shrub  3  feet  high  with  sparse,  reflexed,  divergent,  glabrous  branches  and 
subangular  pubescent  twigs. 

Parry  and  Palmer  collected  this  shrub  in  the  region  of  San  Luis  Potosi 
at  an  altitude  of  6,000  to  8,000  feet,  which  woidd  agree  well  with  the 
altitude  at  which  the  original  specimens  were  collected  by  Humboldt  and 
Bonpland. 

The  majority  of  specimens  in  American  herbariums  have  been  col- 
lected by  Mr.  C.  A.  Purpus,  of  the  University  of  California,  to  whom 
the  writer  is  indebted  for  the  most  recent  information  on  the  occurrence 
and  habits  of  this  species. 

The  following  description  of  this  species  is  made  from  material  in  the 
United  States  National  Herbarium,  specimens  contained  in  the  herbarium 
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of  the  University  of  California,  and  material  collected  by  Mr.  Purpus  for 
the  writer: 

Pruntis  mkiophylla  Hemsley.    (Fig.  8.) 

Amygdahu  wucropkylla,  H.,  B..  and  K.,  Nov.  G«n.  et  Sp.  PL,  ▼.  6.  p.  343,  pi.  564,  X893.' 
Prunus  mkrophyUa  (H.,  B.,  and  K.)  Hemsley,  Biol.  Centr.  Amer.  Bot.  v.  i,  p.  zz8, 1879. 
IHos..  Schneider.  C.  K..  Lanbfak..  Lfg.  s.  P-  598.  fig.  335.  q.  r,  s.  t;  H..  B.,  and  K..  loc.  dt. 

A  low  branchiiig  shrub  with  slender  twigs  destitute  of  thorns;  puberulous  on  new 
growth,  sometimes  alBO  on  wood  of  second  year,  bark  greenish  or  reddish  brown, 
turning  to  silvery  or  dark  gray  on  older  wood.  Leaves  narrowly  elliptical  or  on 
fresh  shoots  broadly  lanceolate;  base  slightly  produced  or  cuneate;  margin  crenately 
serrate  with  blunt  glandular  or  callus  tipped  teeth;  dull  green,  faintly  puberulous 
above;  grayish  green  with  scattered  short  hairs  on  the  lower  surface;  nearly  glabrous 
on  old  growth;  1.5  to  2  or  3  cm.  long;  petiole  short,  puberulous;  stipules- 3  to  3  mm. 
long;  slender  attenuate,  russety,  hairy  with  glandular  teeth;  stomatesnot  present  in 
upper  surface  of  the  blade. 

The  flowers,  appearing  in  April  or  May  before  or  with  the  leaves,  are  solitary, 
minute,  and  dicecious  by  the  abortion  of  the  stamens  or  pistils. 

Staminate  flowers  sessile,  with  glabrous  campanulate  calyx  tube  2  to  3  mm.  long; 
lobes  short,  triangular,  with  expanded  base  and  glandular  ciliate  margins;  tube 
mitmtely  hairy  within;  petals  white,  broadly  obovate,  entire  or  with  notched  or  erose 
margins.  Claw  short  or  wanting.  Stamens  on  filaments  i  to  2  mm.  long  are  10  to  15 
or  18  in  two  or  three  circles,  one  circle  opposite  the  petals,  one  opposite  the  calyx 
lobes  near  the  throat,  and  a  more  or  less  complete  circle  below  these.  (One  flower 
bad  15  stamens  and  the  three  circles  complete.)  The  pistil  is  minute,  glabrous,  and 
abortive. 

In  the  pistillate  form  the  stame^is,  with  very  short  filaments,  are  abortive;  the  pistil, 
4  to  5  mm.  long,  has  the  ovary  and  lower  portion  of  the  style  pubescent;  stigma 
expanded. 

The  mature  fruit  is  i  to  1.5  cm.  long,  oval  with  about  equally  rounded  ends,  apiculate 
by  persistence  of  the  style,  but  little  compressed,  densely  rusty  pubescent;  sarcocarp 

*  Their  description  b  translated  as  follows: 

AmfgdalMsmicropkyUa.    Tab.  DLXIV. 

Amygdalus  oblonc.  acute,  mucrooate,  crenate^semilate  with  glabrous  leaves. 

Grorms  cm  arid  Intls,  bttwetn  Packuca  and  Moran,  alt.  1,300  hex.  (7.800  ft.).  (Mexico)  Shrub.  Flowers  in 
May. 

Shrub  3  feet  high,  very  mndi  branched;  branches  spreading  divergent,  reflczed.  rounded,  smcoth, 
Rbbrous.  bladdsh;  twigs  snbangular.  imbescent.  Leaves  sparse,  petii^te.  densely  fasciculate  on  shoit- 
cncd  brandies,  obloog.  acute  and  mucronate,  somewhat  acute  at  the  base,  crenate-serrulate.  the  teeth  with 
glandular  midrib,  reticulate-veined,  prominent  below,  membranaceous,  glabrous,  with  scattered,  very 
minute  scurfy  dots  above.  5  to  6  Hnes  long.  2  to  aH  tines  wide.  Petioles  x  line  long,  canaliculate, 
puberulous.  Stipules  linear-subulate,  serrulate-glandular  below,  pubescent,  twice  as  long  as  the  xietiole. 
Flowers  axillary,  solitary,  with  very  short  peduncles,  scarcely  as  large  as  the  flower  of  Amygdalus  incana; 
peduncle  scarcdy  half  a  line  long,  thick,  glabrous,  subtended  by  several  imbricate,  ovate,  purplish,  glabrous 
bracts.  Calyx  (figs,  x  to  3)  8ubturt>ixuite-campanulate.  Hmb  5-partcd,  reddish,  glabrous,  later  split  around 
above  the  base  and  deciduous,  with  ovate  ladnise.  denticulate-glandular  at  the  margin,  3-veined.  equal, 
reflexed.  Petals  (fig.  5)  five,  inserted  in  the  throat  of  the  calyx,  altertuiting  with  the  ladnise  of  the  latter 
and  twice  as  long,  unguiculate.  obovate.  entire  (a-parted  fide  Bonpl.).  white,  glabrous  (thb  I  saw  fonnerly 
in  ly^x-wn^"*  no  longer  at  hand),  fallen  from  the  specimens  at  hand.  Stamens  (fig.  4)  about  14.  slifhtly 
diortcr  than  the  lacinise  of  the  calyx;  of  these  4  inserted  in  a  tube  towards  the  middle;  xo  around  in  a  border 
(five  opposite  the  lacinise  of  the  calyx,  five  opposite  the  petals).  Filaments  subulate,  glabrous.  Anthers 
sobrotund.  affixed  dorsally.  exposed  (figs.  6  to  7).  deeply  trisulcate  in  front,  bilocular.  longitudinally 
dehiscent  on  the  inside.  Ovary  (figs.  8  and  9)  free,  sessile,  oblique  ovate,  somewhat  compressed,  shorter 
than  the  calyx  tube,  sericeous,  unilocular  (fig.  10);  ovules  (fig.  xi)  two,  ovate,  side  by  side,  suspended  below 
theapex.  pendulous.  Style  terminal,  filiform,  exserted.  glabrous.  Stigma  (fig.  xa)  dilated.  pdUte.  Fruit 
(not  seen)  globular,  monosperaxous  (fide  BonpL). 

Varies  in  a  6-parted  calyx. 
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thin  and  dry,  probably  slightly  fleshy  when  nearly  ripe,  splitting  tardily  along  the 
ventral  suture.    Three  or  four  pairs  of  shallow  concentric  furrows  sometimes  radiate 
from  the  base.    Stone  rounded  oval  with  apiculate  apex,  smooth,  with  a  slight  ven- 
tral ridge  and  a  faint  dorsal 
furrow. 

Prunus  microphylla  is 
intermediate  between  P. 
fasciculata  and  P.  minur 
tifiora,  but  differs  from 
both  in  the  glandular  leaf 
serrations.  The  absence 
of  stomates  in  the  upper 
surface  is  a  noticeable 
difference  from  P.  fasct- 
culata  and  would  ally  this 
species  most  closely  with 
P.  minutiflora. 

HA  YARD'S  ALMOND 
Pruntis  havardii  W.  F.  Wight, 
n.  comb.i  (PI.  XVI.) 
This  species,  the  least 
known  of  the  group,  was 
recently  described  by  Mr. 
William  Franklin  Wight, 

Fig.  8.— Prunufmtcro^Ayi/a  Hems.:  ^.  Section  of  staminate  flower,  r    t»i  t    j 

showing  well-developed  itvnens  and  abortive  pistil.  X3;B.  detail  BurcaU  Of    Plant    IndUS- 

of  calyx  from  outside,  X  3 ;  C,  twigs  showing  leaves  and  fruit,  from  ^^y  aS  f  rom  Specimen  No. 
herbarium  specimen,  natural  size;  £>,  fecundated  ovary,  X  3.  ««  ».,.•« 

1 3885 1,  United  States 
National  Herbarium,  collected  by  Dr.  V.  Havard,  United  States  Army,  in 
July,  1883,  at  Bone  Springs  near  the  Chisas  Mountains.    This  locaHty  is 

> '  'A  mygdalus  harvardii  W.  P.  Wight,  sp.  nov.  Leaves  obovate  to  oblong-obovate  or  sometimes  fan-shaped 
on  young  growth,  7  to  30  mm.  long,  3  to  zo  nmi.  broad,  glabrous  or  sometimes  finely  pubescent  on  both 
fUffaces,  usually  somewhat  pale  below  and  under  a  lens  rather  prominently  reticulate  veined,  the  margin 
conspiaiously  dentate  toward  the  apex,  very  rarely  toothed  below  the  middle,  the  teeth  usually  acute 
and  apparently  glandless.  Flowers  appearing  with  the  leaves  and  sessile;  calyx  slightly  pubescent,  the 
tube  about  3.5  mm.  long,  the  lobes  scarcely  more  than  i  mm.  long,  entire  and  obtuse;  petals  not  seen.  Fruit 
sessile,  nearly  globular,  the  pubescent  exocarp  dehiscent  along  one  edge,  when  dry  about  9  mm.  long.  7  mm. 
broad,  and  7.5  mm.  thick;  stone  about  8  mm.  long,  6.5  mm.  broad,  and  7  mm.  thick,  rounded  at  the  base 
and  slightly  pointed  toward  the  apex,  the  surface  smooth  except  for  indistinct  grooves  near  the  ventral 
edge. 

A  shrub  with  rather  rigid  branches,  stout  spinescent  brandilets,  and  light  gray  bark.  The  type  speci- 
men in  the  United  States  National  Herbarium  was  collected  in  fruit  by  V.  Havard  in  July.  1883,  in  western 
Texas,  east  of  the  Chisas  Mountains,  near  Bone  Springs.  It  was  also  collected  by  C  C.  Parry.  J.  M.  Big^ 
low,  Charles  Wright,  and  A.  Schott  cm  the  Mexican  Botmdary  Survey  under  the  direction  of  Maior  W.  H. 
Bmery.  this  specimen  being  labeled  '  chiefly  in  the  valley  of  the  Rio  Grande,  below  Dofiana. '  The  spedes 
is  most  dosdy  related  to  Amygdalus  micropkyila  H.  B.  &  K.  of  Mexico,  but  is  easily  distinguished  by  its 
broader,  more  obovate  leaves  as  well  as  by  their  reticulate  venation  and  eglandiUar  margins."  Wight, 
W.  F.  North  American  species  of  the  genus  Amygdalus.  Iceland  Stanford  Jr.  Univ.,  Dudley  Memorial 
Volume,  p.  Z33,  Z913. 

The  spelling  of  the  specific  name  karoardn  is  a  typographical  error,  as  the  type  specimen  was  coiUfcted 
by  Dr.  V.  Havard. 
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in  the  southern  part  of  Brewster  County,  Tex.,  at  about  the  southern 
extremity  of  the  bow  of  the  Big  Bend  of  the  Rio  Grande. 

The  description  cites  also  one  specimen  from  the  Mexican  Boundary 
Survey  Collections,  No.  338.  As  both  specimens  show  only  matured 
fruit,  it  is  difficult  to  place  this  species  with  reference  to  Prunus 
minuUflara  and  P.  microphylla,  to  which  it  appears  to  be  nearly  related, 
both  in  the  character  of  the  fruit  and  in  the  absence  of  stomates  in  the 
tq>per  epidermis  of  the  leaves.  In  its  abruptly  angled  and  thorny 
branchlets  and  nearly  glandular  leaves  (PI.  XVI)  it  would  seem  to  be 
most  nearly  related  to  P.  minutiflora.  Whether  it  will  agree  with  the 
above  species  in  the  dicedous  character  of  the  flowers,  small  number  of 
stamens  partly  placed  on  the  face  of  the  caJyx  cup  and  in  the  finely  hairy 

inner  surface  of  the  cup  can  only  be  determined  from  complete  material. 

It  is  provisionally  placed  in  the  subgenus  Emplectocladus  of  Prunus. 
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Platb  IX.  Fig.  I. — Pruntis  iexana:  Better  quality  of  fruit.     Natural  mzc. 
Fig.  2. — Pruntis  texana:  Fruiting  bush,  2  meters  in  diameter. 
Fig.  3. — Prunus  texana:  Seeds;  three  scraped  clean  of  pile.    Natural  size. 
X.  Fig.  I. — Prunus  texana  hybrid,  hort.  var.  Stuart:  Fruit  and  leaves.     Nat- 
ural size. 
Fig.  2. — Prunus  texana  hybrid,  hort.  var.  Stuart:  Tree  in  first  leaf. 
Fig.  3. — Prunus  iexana  hybrid,  hort.  var.  Johnson:  Fruiting    branch. 
Natural  size. 
XI.  Fig.  I. — Prunus  andersonii:  Plant,  showing  taproot. 

Fig.  2. — Prunus  andersonii:  Flowering  branch.    Photographed  by  \^- 

cent  Fulkerson. 
Fig.  3. — Prunus  andersonii:  Types  of  seeds.    Natural  size. 
XII.  Fig.  I. — Prunus  andersonii:  Tangled  thickets,  the  more  common  form. 
Fig.  2. — Prunus  andersonii:  Treelike  specimen,  3  meters  high. 
Fig.  3. — Prunus  eriogyna,  n.  sp.:  Erect,  large-leaved  form  oi  plant. 

XIII.  Fig.  I. — Prunus  eriogyna,  n.  sp.:  Common  form  of  plant. 
Fig.  2. — Prunus  eriogyna,  n.  sp.:  Variable  fruits  and  seeds. 

Fig.  3. — Prunus  eriogyna,  n.  sp.:  Fruiting  branch.    Natural  size. 

XIV.  Fig.  I. — Prunus  eriogyna,  n.  sp.:  Seedlings. 

Fig.  3. — Prunus  fasciculata:  Growth  in  fiood-swept  wash. 
XV.  Prunus  minutiflora:  Fruiting  branch.    Natural  size.     Photograplied  by 

S.  H.  Hastings. 
XVI.  Prunus  kavardii:  Fruiting  branch  of  the  type  specimen. 

(178) 
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SELECTIVE  ADSORPTION  BY  SOILS 


By  B.  O.  Paxksr, 
Scieniisi,  Soil  Laboratory  Investigations,  Buroau  of  Soils 

If  torn  the  standpoint  of  soil  chemistry  the  absorption  of  material  from 
the  air  and  the  soil  solution  by  the  soil  is  of  first  importance.  The  ab- 
ffKptive  power  of  a  soil  enables  it  to  retain  the  soluble  salts  necessary 
to  pfamt  fife  in  ^te  of  the  leaching  effect  of  rains  and  the  movement  of 
^be  aotl  solution  toward  the  surface  of  the  soil  in  dry  weather,  and  thus 
tp  «loce  up  soluble  material,  either  natural  or  applied  in  the  form  of  a 
r-fjIKalled  fertilizer,  for  the  future  needs  of  crops. 

OCbe  absorptive  properties  of  soils  have  been  under  investigation  in  the 
IjPdII  {Abomtory  for  several  years  under  the  direction  of  Dr.  Frank  K. 
and  several  publications  ^  describing  this  work  have  appeared 
.  time  to  time.    The  object  of  the  work  described  in  this  paper  was 
>  oi>toin  clearer  insight  into  the  mechanism  of  adsorption  phenomena, 
ly  selective  adsorption,  and  the  characteristic  effects  of  one 
upon  the  adsorption  of  another. 

I  a  well>known  fact  that  either  by  leaching  or  by  shaking  a  soil  with 

of  potassium  chlorid  (or  some  neutral  salt)  the  amotmt  of 

i  present  will  be  diminished,  and  a  certain  amount  of  the  bases 

i  90SI  (Ca,  Mg,  etc.)  will  be  found  in  the  resulting  solution,  while  the 

of  the  chlorin  will  remain  practically  unchanged.    Also,  the  re- 

:  solution  is  slightly  but  distinctly  add  to  our  common  indicators. 

.  treating  kaolin  with  solutions  of  magnesium  and  sodium  chlorids 

:>  found  the  resulting  solutions  to  be  slightly  but  distinctly  add 

,  V.  K.,  sml  BcO,  J .  M.    The  mineral  ooostituents  of  the  toll  solutUxi.    U.  S.  Dept.  Afr. .  Bnr. 
■ML90.I90S. 

■Mm,  P.  K.,  and  Fatten.  H.  B.    The  distributkn  of  solute  between  water  and  toil.    Jour.ofFhy*. 
»▼.  a,  p.  jBr-sM.  1907. 

,  H.  B.    Some  turiace  factors  aflfecting  distribution.    Trans.  Amer.  BIcctrochcm.  Soc.,  ▼.  xo, 

^  H.B..  and  Gallagher.  F.E.    Absorption  of  vapors  and  gases  by  soils.    U.  S.  Dept  Agr.,  Bur. 
,gi»S9o8. 

hS.B^awlWaggaaan,W.H.    Absorption  by  soils.    U.  S.  Dept.  Agr..  Bnr.  SoUs.  Bui.  5a.  1908. 
»09iraid»aadPaUycr.  G.H.    The  absorption  of  phosphatts  and  potasahim  by  sails.    U.S. 
tr.  Soils,  BuL  33, 1906. 

Mft*    AdsorptkmsprozcssealsFaktorenderlAgerstlttenbildungundUthogencsu.    Ztschr. 
kOaoLr  Jthrg.  II,  p.  49-59. 1903. 
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litmus  and  attributed  this  to  the  fact  that  a  selective  concentration 

;he  dissolved  substance — an  adsorption  of  the  base — ^had  taken  place. 

I.  C.  Sullivan^  repeated  these  experiments  and  obtained  the  same 

lit,  accounting  for  it  by  an  exchange  of  the  sodium  and  magnesium 

;hese  salts  in  part  for  the  iron  and  aluminium  of  the  kaolin,  the  salts  j 

;he  latter  undergoing  extensive  hydrol3rsis  in  dilute  solution. 

limilarly,  the  acidity  of  a  salt  solution  after  treating  a  soil  with  it  is 

ilained  by  some  as  a  hydrolysis  of  aluminium  and  iron  salts  after  the 

lacement  by  the  base  of  the  salts  and  by  others  as  a  selective  ad- 

ption  of  the  base  of  the  salt. 

t  has  been  found  by  many  experimenters  that  on  quantitatively  de- 

nining  the  replaced  bases  present  in  a  salt  solution  after  treating  a 

,  kaolin,  various  silicates,  etc.,  with  the  solution  the  replaced  bases  are 

ivalent  or  very  nearly  equivalent,  within  the  limits  of  experimental 

>r,  to  the  loss  of  the  base  of  salt. 

^tm  Bemmelen  *  treated  loo  grams  of  soil  with  200  c.  c.  portions  of 

itions  containing  8  and  40  mg.  equivalents  of  potassium  chlorid. 

er  filtration  the  solutions  were  analyzed,  and  it  was  found  that  an 

lost  complete  exchange  of  potassium  for  sodium,  calcium,  and  mag- 

Lum  had  taken  place.    Chlotin  was  determined  in  one  experiment  and 

I  not  changed. 

lullivan'  found  that  by  treating  kaolin  and  various  other  silicates 

h  salt  solutions  a  quantity  of  bases  almost  equivalent  to  the  loss  of 

base  from  the  salt  was  dissolved  in  each  case. 

V'iegner^  found  that   on   treating  an   artificial  amorphous  water- 

taining  (hydrated)  so-called  double  silicate  with  a  neutral  salt  solu- 

1  the  cation  of  the  neutral  salt  was  taken  in  part  from  the  solution, 

1  in  its  place  the  cations  of  the  silicate-gel  in  nearly  equivalent  amounts 

ered  the  solution.    The  anion  of  the  neutral  salt  remained  unchanged, 

vided  secondary  reaction  did  not  take  place. 

^rom  many  similar  investigations  with  the  same  general  result — 

aely,  that  the  bases  dissolved  are  very  nearly  equivalent  to  the  loss 

:he  base  of  the  salt  in  solution — it  would  seem  and  is  concluded  by 

ay  experimenters  that  an  exchange  of  bases  takes  place  in  the  soil 

ording  to  the  following  reaction: 

KCl  (for  example)  +  X^  silicatett;;:^XnCl  +  K  silicate„i 

^rom  the  standpoint  of  fertilizer  practice,  however,  on  appl3dng 
assium  chlorid  to  the  soil  it  is  very  unlikely  that  the  above  reaction 
es  place  and  that  the  potassium  is  held  in  the  soil  as  a  relatively 
>luble  silicate  and  in  a  form  highly  unavailable  for  plants. 

olfiyan,  B.  C.    The  interaction  between  minerals  and  water  sohitions.    U.  S.  GeoL  Survey.  BnL  jw, 

cmmeien,  J.  M.  van.    Das  Absorpttoosvermfigen  der  Ackeierdc.    Landw.  Vers.  SUt,  Bd.  ax,  pi 

9t,  1877. 

Edfivan,  B.  C.    Op.  cit. 

riegncT,  Georg.    Zum  Bascnanstansdi  in  der  Ackererde.    Jour.  Landw.,  Bd.  60^  p.  xzi-xso.  X97-M1; 
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Certain  inactive  solid  substances  presenting  large  surfaces  have  the 
power  of  taking  salts  from  solution — that  is,  what  is  known  as  absorbing 
or  adsorbing  them,  a  phenomenon  most  logically  explained  at  present  as 
a  ooocentrating  of  the  solute  at  the  surface  of  the  adsorbing  material. 
Qaalitatiyely,  it  is  known  that  certain  ci  these  inactive  soUd  substances 
not  only  have  the  power  <d  adsorbing  a  neutral  salt  from  its  solution  as 
a  whde,  but  may  adsorb  one  ion  more  than  the  other,  or  selectively 
adsorb.  In  90  doii^,  a  partial  hydrolysis  of  otherwise  practically  unhy- 
diolyzed  salts  is  brought  about,  since  the  removal  d  one  ion  ci  the 
salt  more  or  at  a  greater  rate  than  the  other  takes  an  equivalent  number 
of  ions  of  opposite  charge  from  the  water  and  thus  leaves  an  excess  of 
either  hydrogen  or  hydroxyl  ions  in  the  solution.  That  such  is  the  case 
can  be  shown  by  the  use  of  common  indicators,  after  shaking  solutions 
of  neutral  salts  with  or  percolating  them  through  certain  of  these  inac- 
tive sdid  substances. 

These  cases  are  so  numerous  that  only  a  few  of  the  best  known  and 
more  convincing  ones  win  be  here  recalled. 

A  silver-nitrate  solution  shaken  with  animal  charcoal  and  the  super- 
natant liquid  filtered  and  tested  with  methyl  orange  or  litmus  gives  a 
distinct  color  ct  add  reaction. 

A  potassium  chlorid  or  nitrate  solution  shaken  with  cane-sugar  char- 
coal and  the  supernatant  liquid  filtered  and  tested  with  phenolphthalein 
^ves  a  strong  led  color  ci  alkaline  reaction. 
An  interesting  case  of  selective  adsorption  is  to  be  found  in  our  com- 
^  monindicator,  Congo  red,  and  absorbent  cotton.  If  the  base  of  a  column 
^^  I  of  absorbent  cotton  is  immersed  in  a  solution  ct  Congo  red  made  very 
■^  sl^tly  add,  in  a  very  few  minutes  the  cotton  immediatdy  above  the 

^  sohtion  is  colored  blue  (add  reaction),  while  above  the  blue  color  for 

^  about  an  inch  in  hdght  is  seen  the  red  color  of  neutral  or  alkaline  reac- 

tion; above  the  red  the  cotton  is  wet  with  water. 

fbt  sdl  possesses  all  the  essential  properties  of  these  adsorbing  mate- 
"^;  but  that  it  has  the  power  of  sdectivdy  adsorbing  to  any  appre- 
^^^^  extent  has  for  a  long  time  been  a  question  of  dispute.    The  fact 
^  a  solution  of  a  neutral  salt  after  contact  with  a  soil  is  as  a  rule  dis- 
tinctly add  to  indicators  supports  this  hypothesis. 
^  a  soil  in  contact  with  a  solution  of  potassium  chlorid  adsorbs  potas- 
^om  ions  at  a  much  greater  rate  or  in  greater  proportion  than  chlorin  ions, 
^*I^^y  (since  an  equivalent  number  of  hydroxyl  ions  are  also  removed 
^^  the  potassium  ions)  causing  a  partial  hydrolysis  of  the  solution 
JCI+H0H-(KOH)  adsorbed+HCl),  then  free  hydrochloric  add  will 
**  ^t  in  the  solution. 

^  ^  not  unreasonable  to  assume  that  the  uncombined  add  might  dis- 
^^^  an  almost  equivalent  amotmt  of  bases  from  the  soil  partides.  On  this 
^^^ption,  by  using  a  solution  of  a  salt  of  potassium  with  a  weaker  add 
^^  hydrochloric,  there  should  be  a  greater  adsorption  of  potassium  ions. 
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:  the  salt  is  more  easily  bydrolyzed  than  potassium  chlorid,  less  stir- 
energy  being  required  to  obtain  potassium  ions  from  solution,  while 
luantity  of  anions  adsorbed  will  depend  upon  the  specific  pr(q[ierties 
e  anion  employed.  Also,  if  the  anion  of  the  salt  is  that  of  a  weaker 
than  hydrochloric  and  is  not  adsorbed  to  a  much  greater  extent  than 
in  ions,  a  smaller  amount  ci  bases  should  be  dissolved  from  the  soil 
a  correspondingly  greater  acidity  of  the  solution  should  result. 
n,  if  a  reaction  is  interposed  so  that  the  free  add  will  be  used  up 
ne  it  has  a  chance  to  react  vrith  the  soil  particles — i.  e.,  by  adding  a 
1  amount  of  sodium  hydroxid,  yet  enough  to  neutralize  the  add 
netically  set  free — ^little  or  no  dissolved  bases  of  the  soil  should  be 
d  in  the  resulting  solution. 

1  the  assumption  that  certain  ingredients  of  the  soil  adsorb  in  part 
«se  of  a  neutral  salt  in  solution  and  that  the  free  add  resulting  from 
lydrolysis  caused  by  this  adsorption  reacts  with  certain  of  the  soil 
des  and  dissolves  an  almost  equivalent  amount  of  bases  of  the  soil, 
ollowing  experimental  work  is  based. 

SERIES  No.  I 

series  No.  i ,  500-gram  portions  of  a  Durham  sandy  loam  were  intio- 
d  into  a  number  of  bottles  of  2 -liter  capadty.  To  the  first  was 
d  2,000  c.  c.  of  a  solution  containing  7.65  grams  of  potassium  chlorid 
liter;  to  the  second  2,000  c.  c.  of  a  solution  containing  potassium 
tte  equivalent  to  7.47  grams  of  potassium  chk>rid  per  liter;  to  the 
i  2,000  c.  c.  of  water.  The  bottles  were  shaken  frequently  at  room 
»erature  for  two  days.  The  soil  was  allowed  to  settle  until  the 
matant  liquid  was  apparently  clear.  Portions  of  the  supernatant 
i  were  then  pipetted  off,  filtered,  and  anal3rzed. 
le  supernatant  liquid  from  soil  shaken  with  pure  distilled  water 
'ed  no  appredable  presence  of  material  dissolved  from  the  soil,  while 
Lnal3rses  of  the  supernatant  liquids  from  soil  shaken  with  the  above 
ions  showed  soil  material  present.  The  potassium-chlorid  equiva- 
of  the  various  constituents  determined  by  these  analyses  are  gives 
ibk  I. 

B  I. — Adsorption  by  Durham  sandy  loam  of  potassium  from  solutions  of  potassium 

salts. 

ts  sUttod  in  gnma  of  potassium  chlorid  per  xoo  c.  c.  eqidymleat  to  cotistitttcnts   iffHiniiiifd 

by  analyses.] 
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In  the  foregoing  experiments  the  detennination  of  the  free  add  is 
fmrrliahle,  considering  the  fact  that  no  indicator  could  be  used  for 
titrating  which  was  sensitive  enough  and  at  the  same  time  unaffected  by 
carbon  dioxid.  The  results  can  be  considered  only  as  approximations. 
Boiling  to  remove  the  carbon  dioxid  is  impossible  when  potassium  ace- 
tate is  used,  since  it  hydrolyzes  on  boiling,  giving  an  alkaline  reaction 
to  indicators.  Iron  and  titanium  were  determined  in  several  cases  and 
found  to  be  present  in  negligible  amounts  in  the  preajntated  alumina. 
Hie  amount  of  chlorin  present  in  the  solution  was  found  to  be  practi- 
cally unchanged. 

Prom  the  data  obtained  when  the  potassium  chlorid  is  used,  the  amount 
d  potassium  chlorid  equivalent  to  loss  of  potassium  (0.7650— 0.6950^ 
0.0700  grams  per  100  c  c.)  during  contact  is  greater  than  the  amount  of 
potassium  chlorid  equivalent  to  the  bases  dissolved  from  the  soil  (0.0107  -h 
aQ353 -I- 0.01 57 —0.0617  grams  per  100  c.  c.)  by  an  amount  (0.0700— 
0.061 7 » 0.0083  grams  per  100  c.  c.)  about  equal  to  the  amount  of  pota^ 
Slum  dilorid  equivalent  to  the  estimated  free  add  (0.01 1 2  grams  per  100 
c  c).  When  potassium  acetate  is  used,  the  amount  of  potassium 
chlorid  equivalent  to  the  loss  of  potassium  (0.7470—0.6560=0.0910 
grams  per  100  c.  c.)  during  contact  is  again  greater  than  the  amount  of 
potassium  chlorid  equivalent  to  the  bases  dissolved  from  the  soil  (0.001 5 -|- 
o.Q3i4-ho.oi67«o.0496  grams  per  100  c  c.)  by  an  amount  (0.0910— 
ao496=o.04i4  grams  per  100  c.  c.)  about  equal  to  the  amount  of  potas- 
sium chlorid  equivalent  to  the  estimated  free  add  (0.0402  grams  per  100 
c-c). 

When  potassium  acetate  is  used,  the  bases  dissolved  from  the  soil  are 

54.5  per  centf  — *^X  100  1  of  what  they  would  be  if  a  complete  exchange 
of  bases  had  taken  place,  while,  when  potassium  chlorid  is  used,  this  per- 


centage is  88.1  per  cent  I— ^X  100 Y 


SERIES  No.  2 

In  series  No.  2,  250  grams  of  a  Norfolk  sandy  loam  were  placed  in  a- 
2-liter  bottle.  To  this  was  added  1,000  c.  c.  oE  a  solution  containing' 
18.38  grams  of  potassium  chlorid  and  about  i  gram  of  sodium  hydroxid 
per  Uter.  The  bottle  was  shaken  frequently  at  room  temperature  for! 
two  days.  The  sml  was  allowed  to  settle  until  the  supernatant  liquid 
was  apparently  dear.  Portions  of  the  supernatant  Ikiuid  were  then 
pipetted  oS,  filtered,  and  analyzed. 

Soil  shaken  with  pure  water  showed  no  appredable  presence  of  material 
dissolved  from  the  soil  in  the  supernatant  liquid. 

The  above  potassium-chlorid  solution  wl^n  shaken  with  soil  showed 
a  quantity  of  potasdum  chlorid  equivalent  to  the  loss  of  potasdum  of 
0.1520  grams  per  100  c.  c.  and  no  appreciable  loss  ci  chlorin.    The 
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amount  of  bases  of  the  soil  (Ca,  Mg,  etc)  present  in  the  resulting  solution 
was  found  to  be  negligible.  If,  however,  too  great  an  excess  of  sodium 
hydroxid  is  present,  the  resulting  solution  is  disoolored,  and  iron  in 
appreciable  amounts  is  fotmd  in  the  solution. 

It  was  found  that  the  addition  of  a  small  amount  of  sodium  hydroxid 
to  a  solution  of  potassium  chlorid  prevented  the  presence  of  dissolved 
bases  when  the  solution  is  shaken  up  in  contact  with  a  soil,  and  yet  a  loss 
of  potassium  occurred  of  the  same  magnitude  as  when  bases  were  found 
in  the  resulting  solution,  the  amount  of  chlorin  remaining  practically 
unchanged. 

Believing  the  assumption  previously  made  to  have  been  entirely  justi- 
fied by  the  foregoing  experimental  work,  the  hope  of  finding  the  effect  of 
concentration,  size  of  soil  particles,  and  presence  of  other  substances, 
with  special  regard  to  substances  commonly  used  in  fertilizer  practice, 
on  the  selective  adsorption  by  scnls  led  to  the  following  experimiental 

work: 

SBRIBS  No.  3 

In  series  No.  3,  35-gram  portions  of  a  Norfolk  sandy  loam  collected 
near  I/aurinburg,  N.  C,  and  a  Marshall  silt  loam  collected  near  Edgerton, 
Mo.,  were  placed  in  200  c.  c.  bottles  with  solutions  of  potassium  chlorid 
containing  varying  quantities  of  potassium  chlorid  and  a  small  amount 
of  sodium  hydroxid  per  liter.  The  bottles  were  then  rotated  in  a  ther- 
mostat at  room  temperature  for  two  days.  The  soil  was  allowed  to 
settle  until  the  supernatant  liquid  was  apparently  clear.  Portions  of 
the  supernatant  liquid  were  then  pipetted  off,  filtered,  and  anal3rzed, 
the  results  of  the  analyses  being  given  in  Table  II. 

Tablb  II. — Effitct  tf  conantnUion  on  adsorption  of  potassium  from  soluUons  of  potas- 
sium chlorid  by  Norfolk  sandy  lo€m  and  by  Marshall  silt  loam. 


Norfolk  BUkly  kMun. 

ManhaUtikloaa. 

Quantity  of  Kd  equhraloit 

Quantity  of  KO  equivalent 

to  the  quantity  of  K  per 
100  c.  c.  of  solntkm. 

Urn, 

to  tlM  quantity  of  K  per 
100  c.  c  of  lolBtion. 

LOM. 

liffarfcontirt. 

After  csontact. 

Per  100 
ccof 

Percent- 

Before contact. 

After  contact. 

Per  ZOO 
c  c.  of 

Percent- 

sohition. 

age. 

solution. 

a«e. 

Grumt. 

Grams. 

Gramu. 

Grams. 

Grmms. 

Grmmu. 

95-8550 

95.  6750 

az8oo 

*£ 

ZZ.8400 

XX.  3500 

0.4900 
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14.7700 

14.6500 
8.9S50 
6.  zzoo 

.  Z900 

zao450 

9.5700 

•4750 

4.73 

tl'^ 

.z6oo 
.X480 

iU 

6.6950 
4.4860 

6.9450 
4.0490 

.4500 
.4440 

6.72 
9.90 

4.7400 

4.5950 

.1450 

3-2^ 

9.6700 

9.  9400 

.4300 

16.  IX 

3.  II90 

9.9600 

.1590 

4.89 

z.  Z640 

.7700 

.3940 

3S'^^ 

X.8380 

z.  70x0 

•1370 

1Z.96 

.6406 

•  5640 

.0766 

.3064 

.9650 

.0414 

«3-5i 

.1983 

.0960 

•0393 

95.18 
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From  the  data  obtained  in  this  experiment  (see  fig.  i)  we  find  that 
from  the  zero  concentration  of  potassium  chlorid,  where  necessarily  the 
adsorption  ci  potassium  is  zero,  the  loss  of  potassium  during  contact 
increases  r^^ulaily  vdth  the  concentration  to  a  certain  point  and  then 
remains  practically  constant,  the  surface  of  the  soil  particles  having 
apparently  taken  up  the  greater  part  of  the  potassium  possible  at  this 
point.  The  point  at  whidi  the  adsorption  of  potassium  becomes  prac- 
tically constant  is  much  lower  in  the  case  where  a  sandy  loam  is  used 
than  when  a  silt  loam  is  used.  The  percentage  of  potassium  adsorbed 
increases  as3rmptotically  as   the  concentration   of   potassium   chlorid 
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of  potitritim  by  Norfolk  Miidy  loom  and  by  Iforthtll  silt  loom. 

decreases,  and  it  may  be  concluded  that  the  adsorption  of  potassium 

becomes  practically  complete  at  very  low  concentrations  of  potassium 

diknid.    Qilorin  was  determined  in  several  cases  and  was  found  to  have 

remained  unchanged. 

SERIES  No.  4 

In  series  No.  4, 35-gram  portions  of  a  subsoil  of  Cecil  clay,  a  subsoil  <rf 
Marshall  silt  loam,  a  subsoil  dl  Norfolk  sandy  loam,  a  subsoil  of  Decatur 
day  loam,  and  a  subsoil  of  Carrington  loam  were  placed  in  200  c  c 
bottles  with  solutions  of  potassium  chlorid  <rf  about  the  same  concen- 
tration and  treated  as  in  series  No.  3.    The  results  are  given  in  Table  III. 

Tablb  IW.—Efftd  €f  amount  of  surface  exposed  on  adsorption. 


TypeoltoiLi 


Owntity  ol  KCl  oqahraknt  to 
theoMtttityol  K  per  100  c  c 
olioliition. 


Bcfcco  contact.    After  contact. 


Difference. 


Cttdlday 

Decatur  clay  loam . . 
Ifafiliall  tilt  loam... 
Cafrington  loam . . .. 
NofMktandyloam. 


Grmmi. 
6.7350 

6.6950 
6.4300 
6.9580 


Grmms, 
6.  4ZOO 
6.3150 
6.9450 
6. 9050 
6.  zioo 


Grmms, 

a  3950 

.2400 

.4500 
.2250 
.1480 


>  The  ooOi  in  thk  table  ore  amaifed  in  order  ol  the  rcktire 
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ras  expected,  since  the  removal  or  adsorption  ci  potassium  from 
fiium-chlorid  solution  is  undoubtedly  a  surface  phenomenon,  in 
.  the  smaller  the  soil  particles  the  greater  was  the  adsorption  of 
um.  Clay,  however,  in  spite  of  the  fact  that  the  particles  are 
than  those  of  the  other  types  of  soil,  does  not  show  a  corre- 
igly  greater  adsorptive  power,  the  surface  of  the  day  particles 
probably  of  a  different  nature.  The  classification  ci  the  different 
I  soil  is  based  entirely  on  their  mechanical  analysis.^ 

SERIES  No.  5 

^ries  No.  5,  35-gram  portions  of  Marshall  silt  loam  (the  same  as 
ed  in  experiment  III)  were  placed  in  200  c.  c.  bottles  with  solutions 
ling  var3dng  amounts  of  potassium  chlorid  per  liter.  To  some  of  the 
is  10  grams  of  sodium  nitrate  were  added,  while  to  others  logramsof 
Eisic  calcium  phosphate  were  added.  These  were  treated  as  in 
aent  III.  A  solution  containing  58.25  grams  of  potassium  chlorid 
^r  in  contact  with  calcium  phosphate  alone  lost  an  amount  of 
um  during  contact  equivalent  to  0.0500  gram  of  potassium 
per  100  c.  c.  The  results  of  the  analyses  of  the  supernatant 
are  given  in  Table  IV. 

Tablb  IV. — Effect  of  the  presence  of  other  substances  on  adsorption. 


Bzperimoit  No. 

QimtityoC  KCleqwra- 
lent  toUiequantityoC  K 
per  xoo  c  c  oC  solutioa. 

Um. 

Before 
cootacL 

After 
contact. 

Per  xoo  c  c. 
oCtolntiaa. 

Percent- 
ace. 

h  10  grams  of  NaNOj  present : 

GroMU. 

II.  1850 
8- 9950 
6.2400 
4.4270 
2.0450 
.8270 

II.  IIOO 

9.1300 
6.3400 
4.5*30 
I- 9930 
.9190 

6. 3950 

6. 3850 

Gr^ms. 

la  3750 
8. 2650 
5.6600 
3.9470 
I. 7140 
.5950 

ia57oo 
8.6200 
5.8500 
4. 1200 
1.5480 
•5500 

5.8200 

5.9000 

Grmms, 
a  8100 

■.ic 

.4800 

.3305 
.2320 

.5400 
.5100 
.4900 
.4630 
.4405 
•3^ 

.5750 

.4850 

l\l 

9.30 
10.83 
16.15 
28.05 

4.W 

5.59 

7-73 

10. 10 

h  10  grams  of  CaH4(P04),  present: 

99    TO 

40.15 
9.00 

7.«5o 

ti  5  grams  of  NaNO,  present: 

h  5  grams  of  CaH4  (PO4),  present : 

:  IV  and  figure  2  show  that  the  presence  of  sodium  nitrate  at  con- 
ions  of  potassium   chlorid   below   about  37.5  grams  per  liter 


T,  C.  C  ,  mad  Bryan,  H. 
Soik,  Bui.  84,  i9xt. 
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decreases  the  adsorption  of  potassium  from  a  potassimn-chlorid  solution 
by  a  soil  and  increases  it  above  this  concentraticm.  They  also  show 
that  the  presence  of  monobasic  calcium  phosphate  does  not  alter  the 
adsorption  of  potassium  from  a  potassium-<:hlorid  solution  appreciably^ 


/Sfi 


Pto.  «.— Canrtt  ihowmg  the  effect  ol  the  pretence  of  lodium  nitntte  and  caldmn  phosphate  on  the  sdccthrc 
adaoiptioa  oC  potasahun  from  aohitions  of  potasaium  chlorid. 

what  change  there  is  in  the  form  of  the  ciu^e  being  tmdoubtedly  due 
to  the  xemoval  of  potassium  by  the  calcium  phosphate  not  in  solution, 
either  by  a  physical  (adsorption)  or  a  chemical  reaction. 

SUMMARY 

Smls  not  only  have  the  power  of  adsorbing  dissolved  salts  from  solu- 
tions but  also  of  adsorbing  one  ion  at  a  greater  rate  than  the  other,  or 
selectively  adsorbing,  to  a  marked  extent. 

The  presence  of  bases  of  the  soil  (Ca,  Mg,  etc)  in  solution  after  shak- 
ing certain  salt  solutions  with  or  percolating  through  a  soil  is  probably 
not  due  to  a  direct  chemical  reaction  of  the  salt  in  solution  with  the 
silicates  of  the  soil,  but  to  a  reaction  of  free  add,  resulting  from  a 
selective  adsorption  of  the  cation,  with  the  mineral  components  of 
thescnl. 

The  rate  of  adsorption  of  chlorin  ions  from  solution  by  soils  is  much 
less  than  of  potassium  ions. 

The  selective  adsorption  of  potassium  from  a  potassium-chlorid 
scdution  by  a  soil  increases  in  amount  with  the  concentration  up  to  a 
certain  point  and  then  remains  practically  constant. 
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The  percentage  of  potassium  adsorbed  from  a  potassimn-chlorid 
solution  increases  asymptotically  as  the  concentration  oi  potassium 
cblorid  decreases  and  at  very  low  concentrations  adsorption  is  practically 
complete. 

In  general,  the  smaller  the  soil  particles  the  greater  the  selective 
adsorption  of  potassium  from  a  potassium-chlorid  solution  by  the  soil 

The  presence  of  sodium  nitrate  decreases  the  adsorption  ci  potassium 
from  a  solution  of  potassium  chlorid  by  a  soil  up  to  a  concentration  of 
about  37.5  grams  of  potassium  chlorid  per  liter  and  then  increases  it 

The  presence  of  monobasic  calcium  phosphate  does  not  change  ap- 
preciably the  adsorption  of  potassium  from  a  potassium-chlorid  solutum 
by  a  soil. 

Finally,  if  a  mineral  fertilizer  be  applied  to  a  soil  and  exposed  to  the 
tain  and  thus  dissolved  and  carried  through  the  sml  in  solution,  these 
substances  will  be  adsorbed  (an  entirely  physical  phenomenon)  either  as 
a  whole  or  selectively  from  the  solution  by  the  vast  surface  of  the  soil 
particles  and  will  be  held  there  by  this  same  physical  force  until  the 
plant  or  subsequent  leaching  removes  it. 

The  presence  of  other  mineral  substances  added  to  the  soil  may  or  may 
not  increase  or  decrease  the  rate  at  which  this  adsorptive  phenomenoD 
takes  place. 
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A  BACTERIUM  CAUSING  A  DISEASE  OP  SUGAR-BEET 
AND  NASTURTIUM  LEAVES 

By  Nbixib  a.  Brown,  Assistant  Pathologist,  Laboratory  of  Plant  Pathology,  and 
Clara  O.  Jamibson,  Scientific  Assistant,  Office  of  Cotton  and  Truck  Disease  and 
Sugar-Plant  Investigations,  Bureau  of  Plant  Industry 

INTRODUCTION 

The  bacterial  disease  described  in  this  paper  was  first  observed  in  the 
spring  and  summer  of  1908  on  nasturtium  leaves  growing  near  Richmond, 
Va.,  and  on  sugar-beet  leaves  collected  from  the  Government  plat  at 
Garland,  Utah.  The  disease  on  both  hosts  was  of  the  leaf-spot  t)rpe,  but 
since  the  general  appearance  was  not  at  all  similar  there  was  no  thought 
at  the  time  of  a  possible  relationship  between  the  causal  organisms.^ 
Investigations  of  the  disease  as  it  occurred  on  each  host  were  at  once 
b^^,  but  not  until  the  studies  had  progressed  for  nearly  two  years  did 
it  become  evident  that  there  was  a  striking  similarity  in  regard  to  both 
cnltmal  and  morphological  characteristics  of  the  bacteria  isolated  from 
the  two  kinds  of  diseased  leaves. 

A  comparative  study  of  the  bacteria  followed,  care  being  taken  to  use 
the  same  media  placed  under  similar  conditions.  As  a  result  of  studies 
extending  over  four  years,  it  has  been  found  that  in  essential  character- 
istics the  bacterial  organisms  are  so  nearly  identical  that  in  the  opinion 
of  the  writers  the  causal  oi^ganism  is  one  and  the  same  bacterium.  Any 
minor  differences  which  occur  may  be  attributed  to  individual  adapta- 
tion due  to  host  influence. 

OCCURRENCE  AND  GENERAL  APPEARANCE  OP  THE  DISEASE  ON  THE 

TWO  HOSTS 

The  material  furnishing  the  basis  of  this  study  was  received  during 
the  spring  and  summer  of  1908.  The  diseased  nasturtium  leaves  were 
sent  in  from  Richmond,  Va.,  to  Dr.  C.  O.  Townsend,  then  Pathologist  in 
Charge  of  Sugar-Beet  Investigations  in  the  Bureau  of  Plant  Industry. 
The  diseased  leaves  had  been  gathered  from  young  nasturtium  plants 
growing  in  an  open  garden  bed  and  when  received  were  somewhat  wilted 
and  discolored,  showing  water-soaked  and  brownish-colored  spots  from 
3  to  5  mm.  in  diameter.  Upon  microscopic  examination  the  tissue 
within  and  surrounding  these  diseased  spots  was  seen  to  be  filled  with 
great  numbers  ol  active  bacteria.' 
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The  diseased  sugar-beet  leaves  were  collected  by  Dr.  Townsend  in 
Utah  and  California  on  inspection  trips  to  the  sugar-beet  sections  of  the 
West  and  were  sent  to  the  laboratory  in  Washington  for  examination. 
Leaves  similarly  diseased  were  also  received  from  Oregon  during  the 
summer  of  1909,  but,  so  far  as  known  to  the  writers,  the  trouble  has  not 
been  noticed  up  to  the  present  time  in  any  other  beet-growing  State. 

The  first  leaves  came  from  Utah  and  had  dark-brown,  often  black, 
irregular  spots  and  streaks  from  3  mm.  to  1.5  cm.  in  diameter.  They 
occurred  on  the  petiole,  midrib,  and  larger  veins.  Occasionally  the 
discoloration  extended  along  the  veins  for  some  distance,  and  the  tissue 
on  either  side  was  brown  and  dry;  sometimes  there  were  corklike  pro- 
tuberances at  the  central  point  of  the  spots.  In  badly  diseased  petioles 
the  tissue  had  softened  as  though  affected  with  a  soft  rot,  but  when  only 
a  few  spots  occurred  there  was  no  indication  of  softness. 

Unlike  the  spot  diseases  due  to  Cercospora  and  Phyllosticta,  this 
spotting  did  not  spread  through  an  entire  beet  field,  but  was  generally 
limited  to  small  areas. 

The  tissue  embracing  the  dark  spots  was  examined  with  the  micro- 
scope as  soon  as  the  material  was  received  and  was  found  to  be  filled 
with  very  active  bacteria;  no  fungous  hyphae  were  seen.  Some  of  the 
leaves  were  placed  in  a  moist  chamber  and  carefully  watched  for  several 
days,  but  there  was  no  fungous  mycelium  in  or  around  the  spots. 

ISOLATION  OF  THE  ORGANISM  FROM  THE  TWO  HOSTS 

The  method  of  isolating  the  bacterial  organism  from  the  diseased 
sugar-beet  and  nasturtium  leaves  was  by  means  of  poured  agar  plates. 
^x>ts  from  the  soundest  leaves  were  used,  the  tissue  being  immersed  in 
mercuric  chlorid  (1:1,000),  washed  in  sterile  water,  and  mashed  in 
bouillon.  The  plate  colonies  were  up  in  24  hours.  They  were  round, 
thin,  smooth,  glistening,  whitish  in  reflected  light,  bluish  in  trans- 
mitted light,  and  i  to  5  mm.  in  diameter.  In  three  days  the  agar  in  the 
immediate  neighborhood  of  the  colonies  had  changed  to  a  yellowish- 
green  color.     No  other  colonies  appeared  on  the  plates. 

With  young  subcultures  from  these  plate  colonies  needle-prick  inocu- 
lations were  made  into  sugar-beet  and  nasturtium  plants,  in  order  to 
prove  that  the  right  organism  had  been  isolated  in  either  case.  The 
inoculations  with  the  separate  organisms  from  the  two  hosts  are  as  fd- 
lows: 

INOCULATIONS  WTTH  ORGANISM  ISOI.ATED  PROM  SUGAR-BEET  LEAF 

Inoculations  with  the  organism  isolated  from  sugar-beet  leaves  into 
healthy  sugar-beet  leaves  of  plants  growing  in  the  greenhouse  proved 
that  the  right  organism  had  been  isolated,  for  in  three  days  there  were 
black  spots  at  all  points  of  inoculation.    The  checks  were  free  from 
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^x>ts.  Some  of  the  inoctilated  leaves  were  taken  to  the  latxMatory,  the 
black  spots  examined,  and  numerous  bacteria  found  swaiming  in  the 
cells.  Prom  these  spots,  produced  by  the  first  inoculations,  the  organ- 
ism was  xeisolated  in  pure  culture,  and  sugar-beet  leaves  in  the  green- 
house were  inoculated  repeatedly,  the  dark  spotting  and  streaking  ol  the 
leaves  occurring  in  every  case.  Altogether,  more  than  100  sugar-beet 
leaves  were  inoculated.  Although  the  infection  took  readily  at  the 
inoculated  places,  the  disease  was  not  observed  to  occur  on  any  uninocu- 
lated  beet  plants  except  in  two  instances,  when  several  beets  of  a  neigh- 
b<Ming  row  became  affected.  No  slugs  or  worms  were  on  the  leaves,  but 
thrips  were  abundant,  and  there  were  also  a  number  oi  grasshoppers 
which  had  escaped  capture;  so  possibly  the  infection  was  carried  by  one 
d  these  insects. 

When  the  petioles,  midrib,  and  large  veins  were  inoculated  by  means 
of  needle  prides,  the  infection  took  very  rapidly,  and  the  discoloration 
often  ran  along  the  course  of  the  veins  and  veinlets.  When  the  leaf 
blades  were  inoculated  at  the  ends  of  tiny  veins,  there  was  only  a  dark- 
ened ring  around  the  punctures.  The  infection  took  most  rapidly  on 
the  petiole.  (PI.  XVII,  fig.  i .)  In  three  days  after  needle- prick  inocula- 
tioos  in  young  growing  leaves  the  tissue  was  depressed,  darkened,  and  often 
ruptured  for  a  distance  of  5  mm.  around  the  puncture.  Young  beet 
leaves  with  blades  about  8  cm.  in  length  very  readily  succumbed  to 
needle-prick  inoculation  in  the  blade  as  well  as  in  the  petiole  and  mid- 
rib. When  material  from  a  young  culture  less  than  2  da3rs  old  was 
inoculated  into  rapidly  growing  leaves,  the  spotting  began  to  show  in 
24  hours.  Old  tissues  were  also  found  susceptible  to  the  disease,  but 
the  infection  did  not  take  so  rapidly.  The  sugar-beet  root  also  was  inocu- 
lated and  the  disease  was  found  to  take  hold  there  slightly.  (PI.  XVII, 
fig.  2.)  There  was  no  soft-rot  condition,  but  cavities  occurred  in  the 
roots  where  the  inoculation  pricks  were  made.  These  cavities  pene- 
trated into  the  interior  of  the  beet  and  reached  a  depth  of  2  cm.  within 
two  weeks  after  inoculation.  Occasionally  a  cork-like  condition  of  a 
daak  color  followed  along  the  immediate  line  of  the  needle  prick  and  no 
cavities  were  present.  The  discoloration,  however,  was  not  nearly  so 
dark  as  in  the  leaf,  nor  was  there  as  much  tendency  to  spread  as  in  the 
leaf. 

So  far  as  the  writers  know,  this  organism  has  not  been  found  in  the 
field  attacking  the  beet  root,  and  as  none  of  the  field  beets  with  affected 
leaves  had  any  root  trouble,  it  is  thought  that  £he  disease  in  the  field 
is  confined  strictly  to  the  leaf. 

Spra3dng  the  organism  on  the  leaves  of  beets  did  not  produce  the 
disease.  Precautions  were  taken  to  prevent  the  bacteria  from  drying 
before  they  had  time  to  get  into  the  leaves.  An  infection  a^e  was 
placed  over  beets  growing  in  the  open  ground  in  the  greenhouse,  the 
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s  were  watered  well,  and  the  leaves  were  sprayed  with  sterile  water 
eft  under  the  a^e  overnight,  so  that  the  stomata  would  open.  The 
ving  day  the  growth  from  two-day-old  agar  culttu^es  was  shaken  up 
in  sterile  water  and  sprayed  on  the  upper  and  lower  surfaces  of  the 
s.  The  plants  were  watched  carefully  for  two  weeks,  but  no  trace 
t  disease  was  ever  seen.  The  experiment  was  repeated  some  months 
with  the  same  result. 

ne  cultures  were  sent  to  Garland,  Utah,  and  Mr.  H.  B.  Shaw,  who 
:hai:ge  of  the  experiment  station  there  during  the  season  of  1909, 
lated  the  leaves  of  sugar  beets  growing  in  the  open  field.  There, 
ill  as  in  the  greenhouse,  the  plants  became  infected  very  readily, 
ihaw  sent  some  of  the  leaves  to  the  sugar-plant  laboratory  at  Wash- 
n.  Upon  examination  swarms  of  bacteria  were  found  in  the  black- 
areas.  Mr.  Shaw  also  took  portions  of  the  diseased  leaves,  induding 
pots,  and  inoculated  other  leaves  with  them.  Fifty  per  cent  of  the 
s  treated  in  this  way  became  spotted. 

e  most  striking  feature  of  this  affection  as  it  occurs  in  the  green- 
t  from  inoculations  is  the  black  color  of  the  spots  and  streaks,  for 
stand  out  prominently  against  the  green  of  the  leaves.  These 
s  never  become  soft,  but  bend  over  at  the  badly  sunken  spots,  lose 
turgidity,  and  finally  die  from  dr3dng  out.  If  the  petiole  is  inocu- 
,  it  frequently  happens  that  the  leaf  blade  will  drop  at  a  sharp  angle 
the  infected  area  in  less  than  two  weeks. 

OCULATIONS  WITH  ORGANISM  ISOI^ATBD  FROM   NASTURTIUM   LEAF 

xnilations  with  the  organism  isolated  from  nasturtium  leaves  were 
into  leaves  of  some  rather  old  nasturtium  plants  growing  in  pots 
le  greenhouse.  After  several  days  small,  watery-looking  areas 
ae  visible,  and  the  tissue  within  these  areas  became  discolored  and 
^ed,  resembling  in  all  particulars  the  original  spots  from  which  the 
ism  was  obtained.  A  microscopic  examination  of  the  tissue  within 
iseased  areas  thus  produced  showed  the  cells  to  be  filled  with  many 
i  bacteria.  Check  plants  having  leaf  surfaces  pricked  with  a  sterilized 
e  presented  no  indication  of  diseased  spots.  From  the  observation 
xmlated  plants  it  was  noticed  that  the  general  appearance  of  the 
pot  changed  considerably  during  the  different  stages  of  its  devel- 
nt.  Leaves  of  a  healthy  young  nasturtium  plant  showed  the 
s  of  needle-prick,  inoculations  within  48  hours,  the  tissue  at  first 
ding  slightly  darker  in  the  infected  areas  and  presenting  a  water- 
d  appearance.  These  spots  gradually  increased  in  size,  becoming 
>  mm.  in  diameter,  while  the  tissue  within  became  dry  and  brown- 
i  color  and  often  brittle  enough  to  crack  (PI.  XVIII).  A  dropping 
f  this  diseased  tissue  frequently  followed,  and  finally  the  whole 
tuned  yellow  and  fell  from  the  stem. 
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SBlSOLAtlON  PROM  INOCUI^ATED  TISSUE 

Out  of  a  small  piece  ot  tissue  cut  from  one  of  the  spots  produced  by 
iiioculation  a  bacterial  organism  was  isolated  by  means  of  agar  plates, 
and  by  careful  comparison  with  previous  cultures  was  found  to  be 
similar  in  all  respects  to  the  organism  obtained  from  the  original  diseased 
leaves.  As  soon  as  suitable  cultures  of  this  reisolated  organism  could 
be  grown,  inoculations  were  made  into  healthy  young  plants,  and  again 
the  characteristic  brown  and  shriveled  spots  were  produced,  with  an 
abundance  of  active  bacteria  in  the  tissue.  By  these  and  other  similar 
experiments  it  is  proved  Wyond  a  doubt  that  the  nasturtium  leaf  spot 
is  caused  by  a  bacterial  organism.  The  manner  in  which  the  bacteria 
gain  entrance  to  the  tissue  of  the  host  has  not  been  fully  demonstrated, 
but  from  observations  made  during  the  investigation  it  seems  probcU^le 
that  insect  injuries,  as  well  as  mechanical  wounds,  open  the  way  for  the 
entering  of  the  parasites. 

CROSS-INOCUI^ATIONS  BBTWBBN  HOSTS 

After  proving  that  the  right  organism  had  been  isolated  from  either 
host,  inoculations  into  leaves  of  other  plants  were  made,  with  the  result 
that  the  sugar-beet  organism  proved  very  infectious  to  nasturtium,  and 
likewise  the  nasturtium  oiganism  proved  infectious  to  the  sugar  beet. 
But  as  the  two  investigators  were  working  independently,  each  with 
one  organism,  this  interesting  fact  had  no  particular  significance  at  the 
time.  Nasturtium  leaves  inoculated  with  the  sugar-beet  organism 
became  spotted  and  watery-looking  for  some  distance  beyond  the  in- 
ocolation  pricks,  appearing  in  all  respects  similar  to  spots  produced  by 
inoculations  with  the  nasturtium  organism.  Later,  the  watery-looking 
areas  turned  from  a  yellow  to  a  brown  color,  and  still  later  these  tissues 
dried  up  and  fell  out  (PI.  XIX,  fig.  2).  Some  leaves  drooped  and  died. 
The  check  leaves  showed  no  discoloration;  nor  did  any  part  of  the  tissue 
fen  out,  as  in  the  inoculated  leaves. 

Three  years  afterward  the  same  strain  of  the  organism  was  inoculated 
into  young  nasturtium  leaves  at  the  same  season  of  the  year  and  under 
practically  the  same  conditions  as  before,  but  there  was  a  slight  in- 
fection only,  though  young  sugar-beet  leaves  inoculated  with  the  same 
culture  were  badly  infected. 

Although  inoculations  with  the  nasturtium  oiganism  into  sugar-beet 
leaves  produced  the  disease,  this  strain  of  the  organism  was  not  so  in- 
fectious as  the  sugat-beet  strain  on  nasturtium.  This  difference  in  the 
behavior  of  the  organisms  in  cross-inoculation  was  considered  to  be  one 
of  host  influence. 
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OTHm    PMNTS    mOCUI^TED    WITH    THB    ORGANISM    PROBf    BOTH    HOSTS 

That  this  bacterial  spot  is  not  confined  to  sugar-beet  and  nasturtium 
leaves  has  been  shown  by  a  number  of  inoculations  performed  upcm 
other  plants  giowing  in  the  greenhouse.  Both  strains  dl  the  organism 
were  used.  Diseased  ^x>ts  were  produced  with  the  bacteria  upon  leaves 
of  pepper,  lettuce,  q^gplant,  and  upon  the  leaves  and  pods  of  the  bean 
plant.  Inoculation  experiments  were  also  tried  on  potato,  clover,  ^nd 
daisy  plants,  but  without  any  definite  infection,  although  there  was 
slight  discoloration  on  potato  leaves. 

The  stems  and  leaves  of  the  young  pepper  plants  were  readily  in- 
fected through  needk-prick  inoculations.  The  spots  were  black,  and  tiie 
stems  seemed  more  susceptible  than  the  leaves. 

Lettuce  leaves  growing  in  the  greenhouse  blackened  readily  after  in- 
oculation. One  plant  out  of  seven  was  entirely  destroyed  by  the  in- 
fection. One  month  later,  when  the  temperature  of  the  greenhouse  was 
not  so  even  throughout  the  day  and  night  and  the  plants  cA  the  same 
lot  had  stopped  growing  rapidly  and  become  toughened,  the  organism 
failed  to  produce  infection. 

The  leaves  of  eggplant  were  inoculated,  and  brown  spotting  resulted  at 
the  punctured  places;  later,  these  areas  dropped  out  of  the  leaves. 

Of  these  various  hosts  the  bean  proved  especially  susceptible  to  the 
organism,  inoculations  taking  effect  almost  as  readily  as  upon  the  nas- 
turtium and  sugar-beet  leaves.  Bean  plants  inoculated  with  a  young 
agar  culture  of  both  strains  of  the  organism  showed  the  characteristic 
brown  spots  on  the  leaves  within  three  to  five  days.  Ten  days  after  in- 
oculation some  of  the  diseased  leaves  (PI.  XIX,  fig.  i }  were  examined,  and 
active  bacteria  were  fotmd  in  the  cells.  Three  weeks  after  inoculation 
the  bean  leaves  shriveled  and  died.  Later,  inoculations  which  were  made 
upon  the  young  pods  of  bean  plants  produced  conspicuous,  somewhsit 
sunken,  brownish  spots  in  the  tissue.    (PI.  XIX,  fig.  3.) 

At  the  same  time  that  the  inoculation  experiments  were  being  carried 
on,  cultural  and  morphological  studies  were  made  with  both  strains  in  the 
laboratory.  From  time  to  time  notes  and  various  tests  were  compared, 
and,  as  a  result,  the  identity  of  the  two  strains  was  established.  Such 
being  the  case,  only  one  description  will  hereafter  be  given  for  the  two 
strains,  except  where  marked  differences  occur. 

DESCRIPTION  OF  THE  ORGANISM 
MORPHOLOGICAI^  CHARACTERS 

VbgBTaTivb  Cells. — The  organism  is  a  medium-sized  schizomycete  of 
varying  length  when  grown  in  different  media.  It  is  a  short  rod  with 
rounded  ends,  occurring  singly  or  in  pairs  (fig.  i);  occasionally  it  pccurs 
in  long  chains  of  two  to  many  elements  and  again  in  long  unsegmented 
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filaments  (fig.  2,  a  and  6).    In  stained  tissue  of  the  hosts  the  average 
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Plo.  t.—Ba€»trimmapMmm  fiom  a  a-day 
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measurement  of  a  single  rod  is  1.2  by  o.6/<. 
3-day-old  beef  bouillon  culture  and  stained 
in  carbol  fuchsin  has  an  average  size  of  2.1 
by   €>.7fL    When  stained  with   Loeffler's 
flagella  stain»  the  average  is  3.2  by  i.^fL 

Process  oi^  Oiu,  Division. — Cell  divi- 
sion takes  place  in  the  bacterium  by 
simple,  transverse  fissbn.  In  order  to 
study  the  process  of  fissbn,  agar  hang- 
ing blocks  containing  the  organism 
were  made  in  the  fdUowing  manner: 

Thin  beef-agar  {dates  were  poured  and  transfers  from  a  bacterial 
culture  streaked  across  the  surface  of  the  hardened  agar.    Agar  blocks 

a  few  millimeters  square  were 
then  cut  out  along  the  streak 
and  transferred  to  clean  cover 
slips.  Care  was  taken  to  place 
the  upper  surface  of  the  block 
next  to  the  glass,  after  which 
the  whole  was  turned  over  a 
Van  Ti^hem  moist  cell  and 
kept  at  room  temperature.  At 
the  end  of  18  hours,  by  means 
ci  a  microscopic  examination  ci 
the  agar  hhxk,  with  2  mm.  ob- 
jective (oil  immersion)  and  No. 
6  ocular,  bacteria  were  selected 
and  their  development  through 
several  genemtions  was  observed 

(fig.  3). 
PlageU/A. — ^The  organism  is 
motile  by  means  of  polar  flagella,  varying  from  one  to  several  at  each 
pole.  In  general,  the  number  is  one  to  two,  but  occasionally  three 
occur.  The  best  results  in  staining  flagella  were 
obtained  by  the  use  of  Loeffler's  stain,  with  acid 
mordant  correction.  Five  drops  of  sulphuric  add 
(theaddof  such  dilution  that  i  c.  c.  is  neutralized 
by  the  same  amount  of  i  per  cent  sodium 
hydroxid)  were  added  to  1 5  a  c.  of  mordant.  The 
flagella  are  threadlike,  frequently  wavy  and  some- 
what tillering,  often  forming  a  loop  or  coil  at  the 
distal  end,  and  are  about  twice  as  long  as  the  body  of  the  bacterium, 
actual  measurement  of  10  flagella  giving  an  average  of  4/c  (fig.  4). 
17072** — 13 2 
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Question  of  Bndospores. — No  spores  have  been  demonstrated  either 
by  staining  or  testii:ig  with  heat.  Vacuolated  forms  were  seen  in  cultures 
stained  with  spore  stains.  Several  tests  with  heat  were  made,  bouillon 
cultures  2  to  6  months  old  being  treated  as  follows:  Two  were  boiled 
three  minutes  and  two  were  kept  at  80^  C.  for  20  minutes;  then  tranters 
were  made  from  both  sets.  These  transfers  were  watched  for  nearly  a 
month,  but  no  trace  of  growth  was  seen.  The  transfers  made  before 
heating,  as  checks,  showed  a  vigorous  growth  of  the  organism  in  two  dajrs. 
From  these  results  it  appears  that  spores  are  not  formed  by  this  bac- 
terium, since,  if  present,  they  would  have  been  carried  over  after  the 
death  of  the  vegetative  cell,  and  growth  would  have  been  apparent  in  the 
new  transfers.    The  fact  that  the  bacterium  is  quite  easily  killed  by 

atmospheric  drying  points  to  the  same  con- 
clusion in  r^;ard  to  the  absence  of  spores. 

Involution  Forms. — Involution  forms 
are  not  common,  but  a  few  Y-shaped  and 
cross-shaped  forms  were  noticed  in  old  cul- 
tures grown  in  media  not  favorable  "for  the 
best  development  of  the  organism,  such  as 
beef  bouillon  containing  0.2  per  cent  of 
tartaric  add,  or  beef  bouillon  containing  0.1 
per  cent  of  oxalic  add.  Some  were  found 
tto.  4.-Bactef mm  apM^  iiiowinc    in  ordiuar)'  media  which  had  been  placed 

flageOA  from  a  a-(Uy-oldaiar  culture;      under  UUUSUal  COUditioUS. 

•Uincd  with  I«oeffler't  floceUa  ttain.  ^  .  _  «        «  «  • 

Capsules. — No  capsules  have  been  dem- 
onstrated. The  organism  is  visdd  after  growing  three  days  on  agar  and 
five  to  seven  days  in  bouillon.  Ribbert's  and  Richard  Muir's  capsule 
stains  were  used. 

ZooGixBiS. — Pseudozoogloeae  occur  in  -hi 5  bouillon,  Fermi's  solution, 
bouillon  containing  salt,  adds,  and  alkalies,  and  other  liquid  media  in 
which  the  growth  rises  in  a  visdd  swirl  when  the  tube  is  shaken.  When 
examined  under  the  microscope,  the  visdd  mass  is  found  nearly  always 
to  be  made  up  of  short  rods  hdd  in  place  by  a  network  of  gelatinous 
threads.  Sometimes  the  mass  is  composed  largdy  of  the  uns^;mented 
filamentous  bacteria  (fig.  2,6). 

BBHAVIOR  TOWARD  STAINS 

The  organism  stains  readily  and  uniformly  in  the  ordinary  basic 
aniline  stains,  such  as  methyl  violet,  gentian  violet,  saffranin,  dahlia, 
fuchsin,  and  carbol  fuchsin.  It  is  not  add-fast  and  does  not  stain  by 
Gram. 

CULTURAL  CHARACTBRS 

In  general,  the  organism  grows  well  upon  many  different  kinds  of 
artificial  media,  the  most  favorable  for  rapid  and  prolonged  growth 
being  -h  15  beef  agar  and  bouillon,  upon  which  it  has  been  observed  to 
live  from  9  to  12  months. 
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Agar  Pistes. — ^At  a  temperature  of  20®  to  24®  C.  the  colonies  on 
peptonized  beef  agar  (+15  on  Fuller's  scale)  are  up  in  24  to  36  hours 
when  plates  are  poured  from  a  young  bouillon  culture.  They  are  round, 
smooth,  fiat,  glistening,  i  to  2  mm.  in  diameter,  with  entire  edge,  fish- 
scalefike  markings,  whitish  in  reflected  light,  bluish  in  transmitted  light. 
In  three  days  the  colonies  are  4  to  5  mm.  in  diameter  on  plates  thinly 
sown,  and  the  agar  has  changed  to  a  faint  yellowish  green  color.  In  7 
to  10  days  the  colonies  are  a  deep-cream  color. 

Agar  Strokb. — ^There  is  a  moderate  growth  along  the  stroke  in  24 
hours.  It  is  whitish,  flat,  smooth,  and  glistening,  spreading  at  base.  In 
two  days  there  is  a  heavy  growth;  in  four  days  the  agar  has  changed 
to  a  ^ight  yellowish  green,  with  the  growth  of  a  viscid  consistency.  In 
fnmi  five  to  seven  days  the  bacterial  growth  covers  nearly  the  entire 
suifece  of  the  agar,  densely  clouds  the  condensation  water,  and  becomes 
sHghtly  malodorous.  The  greatest  growth  of  the  organism  occurs  at  the 
base  of  the  stroke  and  in  the  condensation  water.  The  margin  of  the 
stroke  is  c^en  scalloped,  with  some  edges  of  the  scallop  thinner  than 
others.  The  growth  on  old  cultures  is  a  deep-cream  color,  the  medimn 
having  become  brown. 

Tests  made  with  the  same  organism,  transferred  at  intervals  for 
severed  years  to  artificial  media,  showed  that  the  greenish  color  was  not 
always  produced  in  agar. 

Agar  Stab. — Growth  is  slow  in  stab  culture,  only  a  slight  trace  occur- 
ring in  two  days.  It  is  best  at  the  surface;  very  little  along  the  line 
d  puncture.  In  four  days  the  entire  surface  of  the  agar  is  covered  with 
a  whitish,  smooth  growth,  and  the  agar  at  the  top  has  changed  to  a 
faint  yellowish  green.  Many  crystals  occur  in  the  path  of  the  needle. 
The  agar  is  not  liquefied  or  softened. 

BBBP-BounxoN  Cui^TURBS. — ^A  slight  clouding  is  noticeable  in  beef- 
bouillon  (+15)  cultures  within  18  to  22  hours  at  room  temperature 
(22**  to  25®  C),  increasing  in  density  until  a  thick,  viscid  sediment  forms 
in  the  bottom  of  the  tube.  When  shaken,  this  sediment  rises  in  a  thick 
coherent,  ropelike  swirl.  In  bouillon  cultures  of  three  to  five  days* 
growth  the  solution  becomes  slightly  greened,  and  a  thin,  whitish  pellicle 
fonns  on  the  surface.  This  pellicle,  vdiich  is  composed  of  small  masses 
of  bacteria,  is  easily  disturbed  when  shaken  and  falls  in  hundreds  of 
tiny  partides.  In  two  weeks  the  medium  has  nearly  cleared,  a  thick, 
whitish  sediment  has  accumulated,  and  the  solution  is  apple  green  in 
color,  the  fluorescence  being  most  distinct  toward  the  surface.  In  two 
months  the  medium  has  changed  to  a  dark-amber  color  (Ridgway's 
"tawny").    Crystals  may  or  may  not  occur. 

Neutral  Bbbf  BounxoN. — Growth  occurs  in  22  to  24  hours.  There 
18  a  good  growth  in  five  days,  and  the  medium  has  become  a  faint  yel- 
lowish green  color. 
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Bouillon  Containing  Sodium  Chlorid. — Growth  occurred  in  neutral 
bouillon  containing  5  per  cent  of  sodium  chlorid  when  tests  were  made 
with  the  organism  soon  after  first  isolating.  Three  years  later  these 
tests  were  repeated.  Growth  then  took  place  in  bouilkm  containi]^:  3 
cuid  3>^  per  cent  of  sodium  chlorid,  but  there  was  no  growth  in  botdlkm 
to  which  4  per  cent  of  sodium  chlorid  was  added. 

Bouillon  Ovbr  Chloroform. — ^There  is  retardation  of  growth  for  two 
dajrs;  then  the  bouillon  clouds  and  in  nine  days  is  colored  a  ydlowish 
green  tinge,  as  in  the  +15  bouillon  without  chloroform. 

NrrRATB-BouiLLON  CuLTURBS. — In  nitrate  bouillon  a  thin  clouding  is 
produced  within  24  hours,  and  in  four  days  the  solution  is  distinctly 
douded,  especially  in  its  upper  portion,  where  pseudozoogkeelike  masses 
are  visible.  In  eight  days  the  thin  pellicle  which  forms  on  the  surface 
is  easily  shaken  into  many  small  particles.  At  this  time  a  slight  greenish 
cast  appears  in  the  solution.  The  same  ropelike  sediment  described  in 
beef  bouillon  was  observed  in  a  9-week's-old  culture  of  nitrate  bouillon. 

Uschinsky's  Solution. — In  plain  Uschinsky's  solution  and  in  the 
pq>tonized  solution  (i  per  cent)  strong  douding  was  produced  in  three 
to  five  days.  In  four  days  a  thin  pellicle  composed  of  pseudozoogloes- 
like  masses  was  observed.  A  greenish  fluorescence  became  visible  in 
five  to  eight  days,  and  in  three  weeks  the  uniformly  douded  solution 
had  turned  pale  green  (No.  328B,  Code  des  Couleurs,  Klincksierk  et 
Vaktte). 

Fermi's  Soluticm^. — ^There  is  a  slight  douding  in  one  day.  In  five 
days  there  is  a  thick  tenadous  pdlide,  and  the  medium  has  changed  to 
a  dedded  pea-green  color.  A  few  fragments  on  the  underside  of  the 
pellicle  are  su^>ended  in  the  medium,  and  these  occur  in  long  gelatinous 
strings.  On  shaking  the  culture  it  is  difficult  to  break  iq>  the  peUide 
and  cause  it  to  sink.  In  (Moe  tncmth  this  pellide  is  from  3  to  4  mnL 
thick. 

Corn's  Solution. — ^The  organism  does  not  grow  in  Cohn's  solution. 

Stkrilb  Milk.— The  milk  is  cleared  slightly  in  two  to  four  days* 
showing  a  gradual  separation  of  whey  from  curd.  This  separation 
begins  on  the  surface  as  a  watery  band  and  gradually  extends  downward, 
becoming  complete  in  12  days  when  kept  at  room  temperature  from  18 
to  22^  C.  The  medium  is  a  yellowish  cream  color  with  a  suggestion  of 
green.  There  is  a  slight  rim,  but  no  pellide.  In  one  month  the  medium 
has  become  darker,  and  the  green  tinge  has  disappeared.  It  is  trans- 
lucent throughout.  Compared  with  Ridgway's  Color  Chart,  it  is  a  day 
color.  After  two  mcmths  at  room  temperature  the  cultures  are  dried 
down  5  c.  c,  and  are  of  a  thick,  creamy  consistency.  Transfers  from 
these  cultures  riiowed  that  the  organism  was  still  alive. 

Litmus  Miu^. — In  two  days  a  blue  ring  appears  at  the  surface  of  the 
liquid,  extending  down  about  i  cm.    In  four  days  there  are  three  rings 
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ef  graded  shades  of  blue,  while  the  lowest  third  of  the  liquid  remains  the 
color  of  the  check  tubes.  Six  to  eight  days  later  none  of  the  original  color 
<rf  the  liquid  remains.  Some  tubes  have  four  or  five  rings  of  cc4pr,  the 
upper  ring  being  the  darkest  blue.  Prom  12  to  15  days  after  inoculating 
a  brownish  color  appears  at  the  bottom  of  the  tube  and  extends  up- 
ward, chaiq^ing  the  entire  liquid  to  a  muddy  blue  in  from  three  to  six 
days.  About  four  days  later  the  medium  b^;ins  to  change  to  blue  again 
and  in  seven  days  is  entirely  blue,  approaching  Ridgway's  plum  purple. 
Pour  different  tests  were  made  in  which  the  color  changes  followed  in 
this  same  manner.    Room  temperature.  18^  to  22^  C. 

GbI/ATin  Pi^tbs. — Colonies  of  the  bacteritun  which  ^pear  on  gelatin 
(  +  10)  plates  within  48  hours  are  whitish,  round,  and  glistening,  with  a 
smooth,  flat  surface  having  fishscaklike  markings.  SUght  liquefaction 
b^;an  in  two  days  at  a  temperature  of  20^  to  22^  C,  causing  small  clear 
areas  around  the  colonies.  In  thickly  sown  plates  liquefaction  pro- 
ceeded rapidly,  becoming  complete  in  three  to  five  days.  In  plates 
thinly  sown  the  liquefaction  is  only  in  cuplike  areas  about  the  cokMues. 
When  liquefied,  the  gelatin  becomes  a  turbid,  slightly  greenish  fluid. 

Gblatin  Stab  Cui^turbs. — In  gelatin  ( + 10)  stabs,  growth  was  visible 
in  two  days  on  the  surface  about  the  stab,  extending  downward  about 
I  cm.  (temperature  20^  to  22^  C).  Craterlike  depressions  with  fluid 
contents  were  observed  on  the  third  day,  increasing  in  size  until  a  layer 
of  fluid  was  formed.  In  10  days  this  layer  had  become  i  cm.  in  depth. 
Uquefaction  of  the  gelatin  stab  culture  was  complete  in  30  days. 

Stbambd  Potato  Cylinders. — In  three  days  growth  on  this  medium 
is  abundant,  flat,  smooth,  cream  white,  and  glistening.  The  potato 
changes  to  a  gray-brown  color  in  3  days,  and  in  15  days  is  from  two 
to  four  shades  darker.  The  bacterial  slime  approaches  Ridgway's  wood 
tmywn.    There  is  no  diastasic  action  of  the  starch. 

Starch  Jeixy. — Growth  is  scant  on  starch  jelly.  In  seven  days  the 
medium  at  the  surface  and  about  3  mm.  below  the  streak  along  which 
the  growth  of  the  organism  has  taken  place  has  changed  to  a  delicate 
green.    The  test  for  sugar  with  Pehling's  solution  was  negative. 

Lobpflbr's  Blood  Serum. — ^The  growth  is  moderate  and  slow,  scarcely 
a  trace  occurring  in  three  days.  The  medium  becomes  gray  and  at  the 
end  of  32  days  has  liquefied  a  little.  The  stroke  is  filiform,  flat,  glisten- 
ing, and  smooth.  The  heaviest  growth  occurs  in  the  condensation 
water. 

Litmus-Lactose  Agar. — Copious  growth  developed  within  two 
weeks  in  Utmus-lactose  agar  cultures.  The  condensation  water  first 
clouded,  after  which  growth  began  to  show  at  the  base  of  the  stroke.  In 
d^t  days  there  was  growth  along  the  entire  stroke,  with  a  spreading 
at  the  base  and  a  pellicle  formation  in  the  condensation  water.  The 
medium  was  bli^.  At  the  end  of  nine  weeks  the  growth  was  azure 
bhie  in  color  (No.  401,  Code  des  Couleurs,  KHncksieck  et  Valette). 
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Gbntian-Violbt  Agar. — Growth  of  the  bacterium  on  gentian-viokt 
agar  was  very  slow,  no  growth  being  visible  in  4  days  and  only  a 
sUght  growth  in  18  days.  When  examined  four  weeks  after  inocu- 
lation, however,  a  thin  bluish  growth  was  observed  along  the  stroke  and 
^reading  from  the  base  over  the  surface  of  the  slant.  The  medium  had 
paled,  some  of  the  violet  color  having  been  extracted  by  the  bacterium 
in  its  growth. 

OTHBR  CULTURAL  FEATURES  OF  THE  ORGANISM 

NrrRATSS. — Nitrates  are  not  reduced.  Tests  were  made  with  nitrate 
bouilkm  cultures  5  and  10  days  old  in  the  following  manner:  i  c.  c.  of  a 
potato-starch  solution  was  added  to  each  culture,  then  i  c.  c.  of  a  fresh 
potassium-iodid  solution  (i  :25o),  after  which  5  drops  of  dilute  sulphuric 
add  (2 :  i)  were  added.  There  was  no  change  of  color  in  any  of  the  5 
or  10  day  old  cultures. 

Indol. — No  indol  is  present  in  cultures  i  to  10  days  old.  It  is  present, 
however,  in  cultures  1 1  to  25  days  old.    The  tests  were  made  as  follows: 

Transfers  were  made  from  a  2-day-old  bouillon  culture  to  Uschinsky's 
solution  containing  2  per  cent  of  peptone.  These  cultures  grew  at  room 
temperature,  20®  to  24^  C,  tests  being  made  at  the  end  of  i,  3,  5,  8,  10, 
II,  12,  13,  15,  and  25  da}^.  Ten  drops  of  concentrated  sulphuric  add 
were  added  to  each  culture  to  be  tested  and  after  standing  for  five  min- 
utes, I  c.  c.  of  a  0.02  per  cent  solution  of  sodium  nitrite  was  added.  If 
no  pink  color  was  visible  in  the  cultures  five  minutes  after  adding  the 
nitrite,  the  tubes  were  heated  to  a  temperature  between  70®  and  80^  C. 
The  rose  color  which  indicates  the  presence  of  indol  was  not  present  in 
any  of  the  tests  up  to  the  tenth  day.^  Indol  was  present  in  some  of  the 
1 1 -day  cultures,  but  in  the  15-day  and  25-day  cultures  each  one  gave 
the  definite  rose-color  reaction. 

TEST  FOR  HYDROGEN  SULPHID 

No  hydrogen  sulphid  is  produced.  Litmus-lactose  agar  slants  were 
inoculated  from  a  2-day  beef-agar  culture.  Small  strips  of  filter  paper 
previously  moistened  in  a  saturated  solution  of  lead  acetate  were  inserted 
in  the  tubes,  bdng  held  in  place  by  means  of  cotton  plugs  in  such  a  man- 
ner as  to  prevent  contact  with  the  medium.  In  two  da)rs  there  was 
growth  along  the  entire  stroke,  accompanied  by  a  bluing  of  the  agar,  but 
without  any  discoloration  of  the  filter  paper.  In  six  days  the  t^terial 
growth  had  become  abundant,  spreading  at  the  base  of  the  stroke  and 
filling  the  condensation  water.  During  a  period  of  four  weeks  there  was 
no  evidence  of  hydrogen  sulphid.  The  test  was  repeated  with  litmus- 
lactose  agar,  beef  agar,  and  beef-bouillon  cultures  with  the  same  result. 


^  In  a  few  instances  a  faint  pinkish  color  appeared  on  the  tenth  day  in  tesU  made  with  tlie  nastuitiaai 
strain  of  the  organism. 
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TBST  FOR  AMMONIA 

The  organism  produces  ammonia.  Beef-botdllon  cultures  (2  to  8 
weeks  old)  were  tested  with  Nessler's  solution.  Strips  of  filter  paper 
were  mcnstened  with  the  solution  and  suspended  in  the  tubes  to  be 
tested.  The  cultures  were  then  heated  in  a  water  bath.  A  brownish 
red  color  appeared  on  the  filter  paper  and  in  the  drops  of  distillate  which 
collected  on  the  sides  of  the  tube.  This  coloration  indicated  the  pres- 
ence of  anunonia  in  the  cultures.  A  second  test  for  anmionia  was 
made  by  placing  25  c.  c.  of  the  Nessler's  solution  in  large-^zed  tubes. 
Ordinary  test  tubes  of  beef  bouillon  inoculated  with  the  bacterium  were 
put  into  these  larger  tubes.  The  inner  tubes  were  left  open  and  the 
outer  tubes  closed  with  cotton  plugs.  After  five  days  a  brownish  pre- 
dintate  had  formed  in  the  Nessler's  solution,  forming  a  ring  on  the  glass 
tubes  at  the  surface  of  the  liquid.  Check  tubes  used  in  both  tests  did 
not  show  this  precipitation. 

TOI^ERATION  OF  ACIDS 

Toleration  of  adds  by  the  bacterium  was  tested  in  di£Ferent  percentages 
of  tartaric,  oxalic,  and  hydrochloric  add  made  up  in  beef  bouillon. 
The  organism  was  transferred  from  bouillon  to  add  cultures  ranging 
from  0.1  per  cent  to  0.3  per  cent  solutions.  Clouding  occurred  in  i  day 
in  the  tartaric  add  in  a  0.2  per  cent  solution,  but  there  was  no  douding 
in  10  da3rs  in  a  0.3  per  cent  solution.  In  a  o.i  per  cent  solution  oxalic 
add  there  was  slight  clouding  in  i  day,  moderate  douding  in  2  dajrs, 
and  stnmg  douding  in  3  days,  but  no  clouding  in  a  0.2  per  cent  solu- 
tion. In  the  0.1  per  cent  solution  of  hydrochloric  add,  growth  was 
skyw  in  appearing;  the  solution  became  turbid  in  i  to  2  weeks,  and  a 
greenish  color  was  produced  in  the  medium.  No  growth  occurred  in 
0.125  per  cent  solution  of  hydrochloric  add  during  10  da3rs.  A  final 
test  for  add  toleration  was  made  in  beef  bouillon  containing  hydro- 
chloric and  tartaric  adds  (titrating  on  Fuller's  scale  from  + 19  to  +35). 
Results  of  this  test  showed  heavy  douding  in  5  da3rs  in  +  30  beef  solu- 
tion of  both  hydrochloric  and  tartaric  adds,  while  no  trace  of  douding 
appeared  in  the  +35  add  bouillons  during  4  weeks. 

ToURATiON  OF  Sodium  Hydroxid. — The  toleration  of  sodium  hydroxid 
by  the  bacterium  is  moderate.  Transfers  from  a  7-day  beef-bouillon 
culture  clouded  — 15  beef  bouillon  in  i  to  2  days,  — 18  in  10  days,  and 
occasionally  a  slight  growth  occurred  in  —20  after  2  weeks,  but  there 
was  no  douding  in  —  25  beef  bouillon  during  a  period  of  4  weeks. 

Optimum  Rbaction  for  Growth  in  Bouiulon. — ^The  optimum  reac- 
tkm  for  growth  in  beef  bouillon  is  between  + 15  and  +30;  the  organism 
grows  nearly  as  well  at  +25  as  at  + 15»  and  the  medium  becomes  fluores- 
cent as  in  -I- 15. 
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Gas  Formation. — The  orgamsm  is  aeiobic  and  does  liot  form  gas. 
Tests  were  made  in  fermentation  tubes  with  water  containu^^  2  per 
cent  of  '\^tte's  peptone  to  which  was  added  i  per  cent  of  each  of  the 
following  carbon  compounds:  Glycerin,  saccharose,  mannite,  maltose, 
dextrose,  and  lactose.  (Levulose  and  galactose  were  used  in  additicm 
with  the  strain  of  the  organisms  isolated  from  nasturtium.)  No  gas 
formed  in  any  of  the  tubes.  Because  of  di£Ferences  between  the  two 
strains  in  regard  to  the  clouding  of  solutions  in  the  closed  end  of  some 
of  the  fermentation  tubes,  the  results  of  the  tests  are  given  separately. 

With  the  organism  isolated  from  sugar  beet  there  was  a  heavy  growth 
in  the  open  arm  of  the  tubes,  but  none  in  the  closed  ends.  Dextrose 
and  saccharose  gave  an  add  test  with  litmus  after  the  organism  had 
been  growing  in  the  tubes  16  days.  Glycerin,  mannite,  maltose,  and 
lactose  gave  an  alkaline  test. 

From  inoculations  with  the  organism  isolated  from  nasturtium  the 
following  readings  were  made  after  5,  10,  and  28  days: 

Table  I. — RecdingsfromftrmentaHon  tubes  inoculated  with  the  nasturtium  strain  of  the 

bacterium. 


water  with 
I  per  cent  solo- 
tknof— 


Alter  5  d«y8. 


After  10  days. 


After  aSdaiTB* 


Solistioo  doodcd 
in  open  end. 


Lcvnlooe. 
Maltoae... 


.do. 


.do. 


Mannite. 


.do. 


Glycerin 


•....do. 


Destroae. 


.do. 


Galactoae. . 


.do. 


Saoduuoae.i 


.do. 


Ckxtded  in  open  end  and  outer 
two-thirds  oi  U  tube:  sharp  line 
of  demarcation;  peifectly  dear 
in  closed  end;  no  pellicle;  litmns 
test,  alkaline. 

douded  in  open  end  and  outer 
two-thirds  of  U  tube;  dear  in 
closed  end;  no  pellicle  and  no 
flooculenoe:  litmus  test,  alkaline. 

Uniformly  douded  in  open  end 
and  outer  two-thirds  of  U  tube; 
sharp  line  of  demarcation;  no 
pellicle;  dear  in  dosed  end;  lit- 
mus test,  alkaline. 

Ckwded  in  open  end  and  in  U 
tube;  no  sharp  line  of  demarca> 
tion;  no  pellicle;  perfectly  dear 
in  closed  end;  litinns  test*  aUcar 
line. 

Unlfofmly  douded  in  open  end 
and  outer  two-thirds  of  U  tube; 
sharp  line  of  dcmaication;  no 
pdlide;  clear  In  dosed  end;  lit- 
mus test,  alkaline. 

Uniform  clouding  in  open  end  and 
wbcde  of  U  tube:  no  pellicle; 
dear  In  dosed  end;  Utmns  test, 
add. 


Clouded  in  open  end  and  in 
tube;  no  distmct  Une  of  deni^ 
cation;  faint  clouding  in  dosed 
end;  no  pellicle;  litmus  test,  dis- 
tinctly add. 


Unifoa&ly  donded  in  open  end 
and  In  U  tube;  no  sharp  line  of 
demarcation;  no  pellicle;  dear  in 
dosed  end;  litmus  test,  feebly 
add. 


Clouded  in  open  end  and  ontcr 
part  of  U  tube;  whitish  pio> 
dpttate;  no  growth  in  dosed 
end;  litmns  test,  alkalinf 

Clouded  in  open  end  and  oKts 
U  tube;  dear  In  doaed  end; 
litmus  test,  »yv^Ki%f. 


in  open  end,  wnh 
whitiA     I 
growth  in  c 
test,  aOcalhie. 

Clouded  in  open  end  and  U 
tube;  dear  hi  closed  end;  no 
pdtide;  whitish  precipitate; 
litmusti        "    " 


dOQQCfl    i&    ODCA    COQ#    ^VSOl 

whitish  piedpftnte;  dear  in 


Une. 

Well  douded  in  open  end.  with 
numerous  snau  paitldes'fai 
suspension;  dosed  end  dear, 
except  a  slight  rfcwaUng  in 
lower  end;  no  pdhde;  litmns 
test,  distinctly  add. 

Well  clouded  in  open  end.  with 
manv  sasall  partkfcs  In  sas- 
pension;  douded  in  two- 
thirds  of  dosed  end;  no  od- 
lide;  considerable  pteopi- 
tate;  litmns  teat,  diatlnctly 
add. 

Thinly  and —ifotmtydoaded 
in  <M>cn  end  and  outer  two* 
thirds  of  U  tube;  shMp  lint  of 
demarcation;  dear  in  ciosed 
end;  no  pelUde:  whitish  pie* 
dpitote;  litmus  test,  dia- 
tlnctly add. 
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Pnmi  Tabk  I  it  may  be  seen  that  growth  occurs  in  the  open  end  of  the 
fennentation  tube  in  each  of  the  nine  8(riutions  tried,  while  in  the  closed 
end  theie  is  slight  douding  in  dextrose  and  a  distinct  douding  in  presence 
of  galactose.  In  the  test  for  alkaline  and  add  reactions  neutral  Utmus 
paper  was  used.  As  a  result  of  this  test  six  of  the  sugar  solutions  showed 
an  alkaline  reaction  and  three  (dextrose,  galactose,  and  saccharose) 
showed  a  distinctly  add  reaction.  No  gas  formation  was  observed  in  the 
dosed  arm  of  any  of  the  solutions  during  a  period  of  30  days. 

TEST  FOR  ANABROBISM 

The  organism  will  not  grow  in  an  atmosphere  deprived  of  oxygen.  The 
test  was  made  as  follows: 

Fresh  transfers  were  made  to  beef  bouillon  from  a  24-hour  bouillon 
culture  and  placed  in  a  Novy  jar  containing  a  solution  of  pyrogallic  add 
and  sodium  hydroxid  (i  gram  of  pyrogallic  add  to  10  c.  c.  of  a  10  per  cent 
solution  of  sodium  hydroxid  for  each  100  c.  c.  of  air  space). 

The  control  cultures  were  kept  under  normal  conditions  at  room  tem- 
perature. 

The  Novy  jar  was  waxed  and  clamped  tightly  and  connected  on  oat 
side  to  a  series  of  wash  bottles  attaining  p3rrogallic  add  and  sodium 
hydroxid  and  on  the  other  side  to  the  exhaust.  There  were  stopcocks  to 
regulate  the  passing  of  the  gasses  through  the  jar.  In  the  jar  with  the 
cultures  was  a  fermentation  tube  which  had  its  closed  arm  filled  with 
water  except  for  a  bubble  of  air  at  the  top.  This  bubble  was  noted  as 
an  indicator  ot  pressure  within  the  jar.  As  the  oxygen  wa&4tbsorbed  by 
the  8o)uti<m  within  the  jar,  air  was  allowed  to  pass  in  from  the  wash 
bottles  until  the  bubble  in  the  fermentation  tube  indicated  the  normal 
pressure.    The  exhaust  was  used  to  draw  off  the  gases  from  the  jar. 

The  operation  was  repeated  several  times  during  a  period  of  three  hours, 
after  which  the  Novy  jar  was  sealed  and  set  aside.  The  atmosphere  in 
the  jar  was  then  practically  one  of  nitrogen.  At  the  end  of  six  days  the 
cultures  were  taken  from  th*e  jar  and  examined.  There  was  no  trace  of 
clouding  in  the  bouillon.  The  controls,  however,  showed  heavy  growth; 
in  fact  they  were  heavily  douded  within  two  days. 

This  test  was  made  a  second  time,  the  Novy  jar  being  set  up  in  the  same 
way  and  the  bouillon  transfers  made  from  a  24-hour  culture  as  before. 
This  time  the  jar  was  sealed  for  two  weeks.  When  it  was  opened  no 
growth  could  be  detected  in  any  of  the  bouillon  cultures,  while  the  con- 
trols showed  the  usual  heavy  growth  after  two  days.  The  cultures  which 
had  been  kept  in  the  Novy  jar  were  douded  heavily  five  days  after  they 
were  removed. 

TEMPERATURE  REMTIONS 

Thermai^  Death  Point. — ^The  thermal  death  pdnt  is  47.5**  to  48^  C.  * 
when  transfers  are  made  from  a  24-hour  bouillon  culture  and  the  inocu- 
lated tubes  are  kept  at  that  temperature  in  the  water  bath  for  10  minutes, 
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readings  being  taken  at  half -minute  intervals  during  that  time.  Many 
tests  were  made,  using  for  transfers  + 15  bouillon  cultures  18  hours  to  6 
days  old.  When  3  to  6  day  old  cultures  were  used  and  kept  in  the  water 
bath  for  10  minutes  at  51  ^»  the  organism  was  not  killed;  nor  was  it  killed 
at  53^  C.  for  the  same  length  of  time. 

Maximum  Temperature. — ^The  maximum  temperature  for  the  organ- 
ism isolated  from  sugar  beet  is  35^  C.»  while  the  maximum  temperature 
for  the  organism  from  nasturtium  is  33®  to  34*^  C. 

Minimum  Temperature. — ^The  minimum  tempemttue  is  between  o^ 
and  —  I  ®  C.  When  kept  at  a  temperature  of  —  2°  to  —  5*^  C.  for  five  days 
by  means  of  an  ice  and  salt  mixture,  the  organism  remains  alive  and 
b^;ins  to  grow  after  being  restored  to  room  temperature.  A  good  growth 
of  the  organism  occurs  in  both  agar  and  bouillon  at  11.5^  C.  A  fair 
growth  occurs  in  bouillon  at  8^  C. 

Optimum  Temperature. — ^The  optimum  temperature  is  27^  to  28^  C. 

relation  to  light 

The  organism  is  not  especially  sensitive  to  sunlight.  Thinly  sown 
;ar  poured  plates  were  exposed  in  bright  sunlight  at  midday  in  mid- 
nter  on  bags  of  crushed  ice  out  of  doors,  half  of  each  plate  being  cov- 
ed with  black  paper  to  serve  as  a  check.  The  test  with  the  organism 
>lated  from  sugar  beet  was  as  follows: 

Fifty  minutes  exposure  did  not  kill  the  organism,  for  colonies  appeared 
I  the  exposed  side  of  these  plates  in  two  days,  but  no  colonies  appeared 
I  those  plates  exposed  60  minutes.  Three  different  tests  were  made, 
le  organism  isolated  from  nasturtium  proved  more  resistant  to  sunlight, 
ice  a  few  scattered  colonies  appeared  on  the  agar  plates  even  after  an 
posure  of  80  minutes. 

relation  to  moisture 

The  beet  organism  is  killed  very  readily  by  dr3ang,  even  at  a  moderate 
low  temperature.  When  drops  of  a  i -day-old,  well-clouded  bouillon 
Iture  are  placed  on  sterile  cover  glasses  and  kept  in  the  dark  at  a  tem- 
rature  of  21®  to  25*^  C.  from  four  to  five  hours,  growth  occurs  in  bouillon 
bes  into  which  these  covers  are  dropped.  When  kept  six  hours,  all 
e  organisms  are  dead.  With  3  to  6  day  old  cultures  treated  in  the 
me  way  th€i  organism  was  able  to  withstand  drying  from  one  to  three 
-ys. 

VITALITY  IN  CULTURE   MEDIA 

This  organism  lives  from  10  to  12  months  in  liquid  media,  such  as  beef 
luillon,  sterile  milk,  and  Fermi's  solution,  when  kept  at  temperatures 
-rying  from  1 1  ®  to  20*^  C.  Bouillon  cultures  may  die  in  four  months  and 
»  when  the  plugs  in  the  tubes  are  loose  and  such  rapid  evaporation 
curs  that  the  culture  dries  down.    This  usually  takes  place  in  the 
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summer  at  room  temperature,  24?  to  30^  C.  Beef-agar  cultures  live 
from  4  to  10  months,  depending  upon  the  temperature  under  which  they 
are  grown.  Those  cultures  which  die  in  from  four  to  five  months  are 
grown  at  temperatures  of  24?  to  30®  C. 

LOSS  OF  VIRULBNC9 

No  loss  of  virulence  was  noticed  in  the  organism  isolated  from  nastur- 
tium until  April,  1910  (two  years  after  the  first  isolation),  when  inocula- 
tions were  made  into  nasturtium  and  bean  plants  growing  in  the  green- 
house. Five  days  after  inoculation  no  apparent  discoloration  of  the 
tissue  could  be  observed.  This  result  was  unusual,  since  in  all  past  inoc- 
ulations the  diseased  spots  had  been  readily  produced.  After  repeated 
inoculations  had  been  made  from  cultures  of  the  bacterium  grown  in 
beef  bouillon  upon  agar  slants  and  potato  cylinders  it  became  evident 
that  the  organism,  which  had  been  growing  on  artificial  media  for  two 
years,  had  lost  its  virulence. 

In  the  case  of  the  organism  isolated  from  the  sugar-beet  leaf,  no  loss  of 
virulence  was  noticed  until  about  three  years  after  obtaining  the  organism, 
and  up  to  that  time  practically  every  needle-prick  inoculation  into  sugar- 
beet  leaves  proved  infectious.  After  three  years  the  percentage  of  posi- 
tive results  from  inoculations  fell  off  considerably,  as  only  the  youngest 
leaves,  growing  under  the  proper  conditions  of  moisture  and  temperature, 
became  diseased.  Efforts  were  made  in  the  summer  of  191 1  to  obtain  a 
new  strain  of  the  organism  from  the  field,  but  they  were  unsuccessful 
Later,  string-bean  agar  was  tried  and  proved  to  be  a  rejuvenator  of  the 
organism  isolated  from  both  hosts.  After  growing  on  this  medium,  the 
organism  was  almost  as  infectious  to  sugar-beet  leaves  and  nasturtium 
leaves  as  when  it  was  first  isolated.  This  virulence,  however,  was  not 
permanent,  for  in  the  course  of  a  year  it  became  much  reduced. 

BACTERIA  IN  CELL  TISSUE 

Diseased  tissue  produced  in  both  hosts  by  inoculation  was  fixed,  em- 
bedded in  parafiSn,  sectioned,  and  stained  in  carbol  f  uchsin.  Microscopic 
escaminations  of  these  sections  showed  the  presence  of  bacteria  in  large 
quantities  within  the  cells  of  the  diseased  tissue  (fig.  5).  In  sections  cut 
through  the  central  portion  of  the  diseased  spots  the  walls  appeared 
ruptured  or  collapsed.  The  cells  at  the  margins  of  these  ruptured  places 
show  that  the  bacteria  are  in  the  cells,  although  most  of  the  bacteria 
were  seen  in  the  broken-down  tissues  adjacent  to  the  sound  cells. 

NATURAL  INFECTION  AND  CONTROL 

Since  practically  all  of  the  work  has  been  done  under  laboratory  and 
greenhouse  conditions,  there  has  been  no  opportunity  to  investigate  the 
complete  life  cyde  of  this  organism  or  to  follow  out  the  natural  means  of 
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infection  in  the  field.  This  being  the  case,  no  practical  methods  of 
control  have  been  undertaken,  but  in  order  to  determine  if  possible  some- 
thing in  regard  to  the  way  in  which  the  organism  gains  an  entrance  into 
the  tissue  of  its  hosts,  young  plants  were  placed  in  infection  cages  in  the 
greenhouse  and  the  foliage  sprayed  with  a  bacterial  solution  until  it  was 
thoroughly  wet.  This  solution  was  prepared  from  5-day-old  cultures  of 
the  organism.  Check  plants  were  placed  in  a  control-iitfection  cage  and 
sprayed  with  distilled  water.  Examination  was  made  at  intervals  cl 
several  da3rs,  but  no  diseased  qx>ts  appeared  on  either  the  nasturtium 
or  sugar-beet  leaves  during  a  period  of  20  days.  The  result  of  the  experi- 
ment suggests  that  infection  takes  place  only  in  bruised  or  wounded 

tissue,  due  to  insects  or  to  mechanical 

injury. 

TECHNICAL  DESCRIPTION  OF  THE 
ORGANISM 

Bsctflfiimi  aptitimif  n.  sp, 

AcoQfding  to  the  numerical  dnwgnatimw 
adopted  by  the  Society  of  American  Bacte- 
riologists, the  group  number  of  Bacterium  apta- 
turn  18311.3333133. 

Form,  a  short  motile  rod  with  rocmded  ends; 
flagellar  bipolar;  involution  forma  rare;  no 
vgoKM  or  capsules  observed;  paeudozoogjoeg 
occur;  aerobic;  smooth  whitish  colonies  on  agar 
plate  with  fishscalelike  markings;  clouds  beef 
bouillon  in  18  to  34  hours;  produces  alkaline 
reaction  in  litmus  milk,  with  a  gradual  sepa- 
ration of  whey  from  curd;  liquefies  gelatin; 
produces  ammonia;  no  reduction  of  nitrates; 
fluorescence  greenish;  no  diastasic  action  on 
potato  starch;  glows  in  Uschinsky's  and  Fer- 
mi's sohitiotts;  indol  produced  after  10  days; 
optimum  temperature  37^  to  38^  C;  maximum 
34*»  to  35**  C;  minimum  -  i**  C;  thermal  death  point  47.5**  to  48**  C.;  vitality  4 
to  10  months  in  beef  agar,  10  to  is  months  in  bouillon,  depending  on  temperature; 
good  growth  on  litmus-lactose  agar;  growth  much  retarded  on  gentian-violet  agar;  stains 
readily  with  basic  anilin  dyes;  not  acid-fast;  not  stained  by  Gram;  tolerates  acids; 
oxalic,  0.1  per  cent;  tartaric,  o.a  per  cent;  hydrochkric,  o.i  per  cent;  tolerates  sodium 
h3rdroxid  in  beef  bouillon,  —18  Fuller's  scale;  no  growth  in  Cohn's  solution;  killed 
readily  by  drying;  not  very  sensitive  to  sunlight;  retains,  its  virulence  3  to  3  years; 
pathogenic  to  nasturtium,  sugar-beet,  and  several  other  plants. 

COMPARISON  OF  PSEUDOMONAS  TENUIS  WITH  BACTERIUM  APTATUM 

While  the  work  on  Bacterium  aptatum  was  being  prepared  for  publica- 
tion, Bulletin  No.  167  of  the  Vermont  Experiment  Station  was  received,* 
part  3  of  which  contains  a  description  of  green  fluorescent  bacteria 


Fm.  5.— C«mcm-lucida  dntwiiif  ol  a  poftioa 
6L  a  croM  sectioa  ol  sufAr-bcet  leaf  inoca- 
kted  with  BaeUrmm  apiaktm.  The  cdb 
fontahiini  bacteria  were  ncact  to 
coUapaed  cells. 


1  Bdaoo.  H.  A.,  Jones,  C  H..  and  Carpenter,  C.  W. 
Sta.  BoL  167,  p.  jar-^zo,  14  fig..  i4  pL,  191s. 


Micro-organianisol  maple  sap.    Vermont  Afr.  Bxp. 
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occurring  in  maple  sap.  Results  of  a  comparative  study  of  seven  repre- 
sentative strains  of  the  green  fluorescent  sap  bacteria  and  six  known 
fluorescent  species  are  given,  and  the  group  numbers  of  these  organisms 
determined.  Since  one  of  these  numbers,  that  of  Pseudomonas  tenuis,^ 
is  identical  with  the  group  number  of  Bacterium  apiatum,  it  was  found 
necessary  to  make  cultural  comparisons.  A  culture  of  Pseudomonas 
tenuis  was  obtained  by  Dr.  Erwin  F.  Stmth  from  Mr.  C  E.  A.  Winslow, 
American  Museum  of  Natural  History,  who  stated  that  he  had  received  it 
from  Mr.  £dson« 

Table  II  shows  the  results  of  compamtive  tests  made  with  Psettdo- 
monas  tenuis  and  Bacterium  apiatum. 

Tablb  11,— <^ompanson  of  ike  characUnsHcs  of  Pseudomonas  tenuis  and  Bacienum 

apiatum. 


pdHdc 
Ohm  w  tin,     tlniit      wliilinn      siuwui! 

flMaittBi  srcencd. 
Stroof  rhmdhif   with  fluoretocnce; 

pdhcfe  formed. 

None 

No    indol   in  zo-day  cukiuct,  bat 

prewttt  in  i6-dey  cnlttirct. 
Hydroccn  inlpihki  produced. , 

A  tfBoeol  Hquclaction  ins  weekton 
tilkkhr  sown  piatet. 

No  Hqurfection  in  3  wedcs , 

Ondiwl  thickcninf  in  6  weekt  widi- 

ontckarinf. 
Alltelin     reectian;     color 

throosliottt  daring  7  weckk 

Ainwouie  prodnoed 

Noopethofcnic  to  sttc»r-beet  I 
turtiamlaiTce. 


CfcrnfUng    with    green 
distinct  peUide. 

^'"''*^'     J^'      ^■'l'^^^      growth; 

ineiiium  greened. 
Strong    rfcmrting    with    llnorescenoe; 

peOktelmncd. 
None. 
Indol  preMnt  in  10  to  la  days. 

No  hydrogen  ewlphid 


^ dnyand 

it  oompicte  in  5  days  in  thiddy  town 

pktet. 
labefaction  begins  in  a  to  3  days. 
Clearing  begins  in  a  to  3  days  and  it 

oompletcd  in  a  wedct. 
AOcafin  rcactioa;  banded  appearance 

resnhing  in  clearing  and  a  imiformly 

bkie  color  in  3  to  4  wedct. 
Aniimaiia  produced. 
Pathogenic  to  tagar-beet  and  nastnr> 

tian  leaves. 


From  results  given  in  Table  II  it  is  evident  that  Pseudomonas  tenuis 
and  Bacterium  apUxtum,  although  closely  related  in  the  green  fluorescent 
group  erf  bacteria,  do  not  belong  to  the  same  species.  Similarity  of 
growth  occurs  and  was  especially  noticed  in  beef  tM>uillon,  on  beef  agar, 
and  in  Uschinsky's  solution.  Pseudomonas  tenuis,  however,  clouds  bou- 
illon and  Uschinsky's  solution  more  quickly  than  Bacterium  apiatum. 
Both  oxganisms  produce  indol  and  ammonia.  Neither  reduces  nitrates. 
Pseudomonas  tenuis  has  a  strong  putrefactive  odor  not  present  in  cultures 
of  Bacterium  apiatum.  Pseudomonas  tenuis  produces  hydrogen  sulphid, 
while  Bacterium  apiatum  does  not.  In  sterilized-milk  cultures,  Bacterium 
aptaium  gradually  separates  whey  from  curd,  and  in  litmus  milk  this 
process  is  accompanied  by  changes  of  color,  giving  a  distinctly  banded 
appearance  during  the  first  wedc's  growth.    Neither  the  separation  of 


,  O.  B.  R.    Die  Bakterifn  anserer  Trink-  and  Nntswatter  . 
to6  p.    Alto  in  n.  Bcrkht.  Natarwltwimlitnililn  OeteOtchaft.  ChenmiU.  1887. 1889,  p.  S3-X54.  X890. 

Thumn.KarL    Bcitrftge  tor  Blolacie  dcr  floorctdercndcn  Bakterien.    Arb.  Bakt.  Inst.  Karlsrohe,  Bd. 
s.Hdt3;p.a9i-3n*    [«iM-J 
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whey  from  curd  nor  the  color  changes  were  apparent  in  cultures  of 

Pseudomonas  tenuis  during  a  period  of  seven  weeks.     One  of  the  most 

important  cultural  differences  between  these  two  oiganisms  appeared  on 

gelatin  plates.    Bacterium  aptatum  is  a  rapid  liquefier,  while  Pseudomonas 

tenuis  showed  only  a  trace  of  liqudFaction  in  three  weeks,  this  slight 

lefaction  occurring  only  on  thiddy  sown  plates  and  not  at  all  in  stab 

lures.    The  essential  difference,  however,  between  Bacterium  aptaium 

[  Pseudomonas  tenuis  is  not  so  much  a  cultural  as  a  physiological  one. 

s  is  shown  in  the  ability  of  Bacterium  aptatum  to  produce  diseased 

ts  on  sugar-beet,  nasturtium,  and  bean  leaves,  while  Pseudomonas 

lis  is  nonpathogenic  to  these  hosts. 

fPARISON  OF  BACTERIUM  PHASEOU  WITH  BACTERIUM  APTATUM 

<rhen  it  was  observed  that  Bacterium  aptatum^  produced  diseased 
ts  so  readily  on  leaves  of  the  bean  plants,  the  question  at  once  sug- 
ted  itself  as  to  the  relation  between  this  organism  and  Bacterium 
seoli,  the  cause  of  the  well-known  bacterial  blight  (tf  bean,  as  de- 
bed  and  worked  out  by  Dr.  Brwin  F.  Smith.*  The  cultural  charac- 
stics  of  Bacterium  aptatum  were,  therefore,  compared  with  those  of 
:terium  phaseoli.  As  a  result  of  this  comparison  it  is  evident  that 
two  organisms  are  entirely  different. 

iome  of  the  characteristic  differences  between  the  two  organisms  are 
wn  in  Table  III. 

ii^B  III. — Comparison  of  Hu  cultural  characteristics  of  Bacterium  aptahtm  and 

Bacterium  phaseoli. 


Media,  etc. 


Bacterium  aptatum. 


Bacterium  phaseoli. 


agar  (plate) . 
slant 


to  slant. 


lusmilk. 


Whitish  colonies,  slightly  bluish  in 
diffused  light:  meditmi  gieened. 

Whitish,  smooth,  faintly  blue  in  trans- 
mitted light;  medium  greened. 

Cream  white  to  wood-brown;  viscid; 

medium    browned;    no    diastasic 

action. 
Alkalin  reactim;  slow  clearing  during 


mal  death  point. . . 

eUa 

ogenicto — 

stancetodry  air. .. 
itance  to  sunlight. . 
rinx 


47.S*t048*C 

Bipolar:  one  to  several 

Nasturtram,  sugar  beet» 

other  plants. 
Pew  hours  to  several  days. 

So-h  minutes 

Whitish 


bean,  and 


Ydlow  colonies,  smooth,  wet-shining; 
thin,  distinct  margins. 

Smooth,  translucent,  yellow;  slimy 
consistency;  growth  without  retarda- 
tion. 

Copious  yellow  slimy  growth,  mfdiaa 
grayed;  diastasic  action  powerful. 


Slow  alkalinity  and  separation  d 

from  whey. 
49.5*  C. 

Polar;  one. 
Bean  and  lupine. 


37  days. 

t0  4S 

ellow. 


?. 


his  comparison  was  made  with  Bacterium  aptatum  isolated  from  nasturtium. 

mith.  B.  P.    Description  of  BadUus  phaseoli  n.  sp..  with  some  remarks  on  rdated  spedcs.    Proc. 

r.  Assoc.  Adv.  Sd.,  46th  meeting.  XS97.  p.  sSS-spo,  1898. 

—  The  cultural  diaracters  of  Pseudomonas  hyadnthi,  Ps.  campestris.  Ps.  phaseoli,  and  Pa.  stew, 
-four  one-flagellate  yellow  bacteria  parasitic  on  plants.  U.  S.  Dept.  of  Agr.,  Div.  Vcf .  PhysioL  and 
1.,  BuL  aS,  X53  p.,  illus.,  X90X. 

—  Bacteria  in  Relation  to  Plant  Diseases,  v.  a,  Washington,  D.  C,  X9xx,  p.  6s.  (Canicgie  Inst 
bington,  Pnb.  sy,  v.  a.) 
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COMPARISON   OF  BACTERIUM  XANTHOCHLORUM  WITH  BACTERIUM 

APTATUM 

While  investigations  with  Bacterium  aptatum  were  in  progress,  atten- 
tion was  called  to  the  recent  work  of  Dr.  Julius  Schuster  upon  a  bacterial 
decay  of  the  potato  tuber  caused  by  Bacterium  xanlkochlorum}  From 
Dr.  Schuster's  description  it  was  observed  that  in  morphological  and 
certain  cultur^  characters  this  potato  bacterium  resembled  quite  closely 
Bacterium  aptatum.  Since  both  belong  to  the  green  fluorescent  group 
of  bacteria,  it  seemed  worth  while  to  take  up  a  comparative  study  of 
the  two  organisms.  Fortunately  a  cultiu^  of  Dr.  Schuster's  Bacterium 
xanthochlorum  was  at  hand,  having  been  brought  to  our  laboratory  by 
Dr.  H.  W.  Wollenweber  in  November,  1911.  Accordingly  a  series  of 
cultural  tests  was  begun  at  once  and  continued  for  a  period  of  about 
three  months.'  As  a  result  of  these  tests  it  is  evident  that  Bacterium 
aptaium  and  Bacterium  xanthochlorum  are  not  identical,  although  their 
appearance  is  quite  similar  upon  some  kinds  of  culture  media.  Table 
IV  gives  a  partial  record  of  the  results  obtained  and  will  be  sufficient 
to  ^ow  the  differences. 

Tabi^   IV .-^Compatison  of  Ike  cultural  characteristics  of  Bacterium  aptatum  and 

Bacterium  xanthochlorum. 


Media. 


Bacterium  sptatmn. 


Bacterium  xanthochlonxm. 


-I-15  beef-agar  plates. . 

+15  becf-«car  stroke. 

+15  bccf-acar  stab. . . 
H-xo  fdatin  plates. . . , 

+15  beef  bouHkm 

Potato  cyfindcfs. . . . , 
Nitnte  bouilloo 

Sterile  milk 

Ust^iMky'taoltttMn 


Growth  less  rapid  than  Bacterium 
xanthocfatorum;  fishscaleHke  mark- 
ings on  surface  cokmies  pronounced. 

Growth  less  rapid  than  Bacterium 
xanthochlorum  and  greenish  fluor- 
escence not  so  marked. 

Growth  whitish  to  drab  color  in  center 
of  nail  head. 

Growth  slower  than  Bacterium  jcan- 
thochlorum  and  liqucEaction  does 
not  begin  so  early;  medium  only 
sfiffatly  greened. 

TUn  pellicle  of  pseudozooglaeelike 
masses;  sediment  a  ropelike  viscid 
swill;  ntiorcscense  appears  slowly. 

Appearance  similar  to  Bacterium  xan- 
thochlorum. 

Less  rapid  growth  than  Bacterium 
xanthochlorum;  pellide  easily  break- 
ing into  small  particles;  fluorescence 


Slow  separation  of  whey  from  curd: 
no  distinct  fluorescence;  pellicle  of 
floating  iskmds. 

Cokr  of  whey  blue  with  whitish  rim 
formed  around  tube  above  sohition; 
pdUde  not  complete. 

Clonding  less  dense  than  Bacterium 
xanthodilorum;  fluorescence  mod- 
erate; pellicle  composed  of  psendo- 
soogloesB-tike  masses. 

Growth  less  rapid  than  Bacterium 
xanthodilorum;  blue  in  cokir;  me- 
dium blaed;  prcdpiute lead  colored. 


Growth  more  rapid  and  appearance  of 
colonies  more  compact  than  those  of 
Bacterium  aptatum. 

Growth  rapid  and  fluorescence  marked. 


Growth  pinkish  ootored  i 
nail  head. 

Growth  and  Uqucfactioa  rapid;  me- 
dium distinctly  greened. 


Growth  rapid;  iMllide  membranous 
and  falling  entire;  green  fluorescence 
striking. 

Growth  gradual:  at  first  creamy  iHiite. 
later  brownish;  starch  not  broken 
down. 

Growth  rapid;  pellide  membranous 
and  breaking  into  fragments;  fluor- 
escence much  greater  than  Bacterium 
aptatum. 

Separation  of  whey  from  curd  more 
rapid  than  in  Bacterium  aptatum; 
polide  more  distinct;  greenish  fluo- 
rescence marked. 

Color  of  whey  grairish:  rim  above  solu- 
tion pink  to  purplish;  pellicle  dis- 
tinct. 

Clouding  dcMe;  pure  pcen  fluores- 


jnlhis. 
9oatw.,  Bd.  8.  Hdt 

s 


Growth  rapid  and  dense;  color  of 
growth,  greenish  blue;  medium 
blued;  precipitate  brownish. 

Zur  Kenntnis  der  BaktericnfSule  der  KaitoffeL    Arb.  K.  Bk>l.  Anst.  Land-  u. 
,  p.  45»-49>»  13  fi«.,  pt  5.  »9". 

from  narturtium  leaves  was  used  in  these  tests. 
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M    IV.— Comparison  of  ih4  cuUufal  characferistics  of  BacUrium  aptatum  ami 
BacUfium  xanthocMorum — Continued. 


Medift. 


Bacterium  aptatum. 


Bacterium  xanthodilorum. 


Ui-Tiolct  agar. , 


Growth  of  ftrcak  mocfa  retarded;  no 
growth  during  first  4  days;  after  z8 
dairs.   moderato  growth;  mrrthim 

Acid  reaction  in  peptonized  saccfa*- 

rose.  in  peptonized  galactose,  and  in 
peptonized  dextrose  sohttions. 


No  .     _         _ 

days;  bhae  in  color;  medium  greened. 

AUcahnenactienini 


rose  solution;  acid  reaction  in  ptp- 
tonized  galactoaa  and  in  ] 
dextrose  solutions. 


SUMMARY 

The  leaf-spot  diseases  of  sugar  beet  and  nasturtiam  described  in 
paper  are  due  to  a  bacterial  organism. 

The  two  diseases  occurred  during  the  same  summer.  The  causal 
nism  was  isolated  in  pure  cultures  from  both  hosts  and  proved 
:tious  to  sugar-beet  and  nasturtium  leaves  interchangeably. 

It  is  proved  from  cultural,  morphological,  and  inoculation  tests  that 
organisms  causing  these  leaf -spot  diseases  on  both  hosts  are  identical. 

The  organism  is  also  infectious  to  bean  leaves  and  pods,  lettuce, 
)er,  and  eggplant. 

It  probably  enters  the  plant  through  wounds  or  by  means  of  insect 
ries  and  may  be  spread  by  insects. 

The  organism  is  a  bacterium  belonging  to  the  green  fluorescent 
[p.  It  is  proved  to  be  different  from  Bacterium  xanihochlorum, 
ih  is  pathogenic  to  potato,  and  from  Pseudotnonas  tenuis,  which  has 
i  given  the  same  group  number. 

It  is  also  different  from  Bacterium  phaseoli,  although  both  organ- 
>  produce  spotting  of  bean  leaves  and  pods. 

The  name  Bacterium  aptaium,  n.  sp.,  is  suggested. 

DESCRIPTION  OF  PLATBS 

ITS   XVII.  Fig.  I. — Sugar-beet    leaves    inoculated   with  BacUrium  apialwm. 
Photographed  eight  days  after  iiioculatioti. 
Fig.  a.— ^ugar-beet  root  inoculated  with  BadmMMia^iiahtm.  Photo- 
graphed two  weeks  after  inoculation. 
11  (coloced).  Nasturtium  leaves  showing  bacterial  leaf  spots  todays  after  inocula- 
tion with  Bacterium  aptatum,    (May,  1909.) 
XIX.  Fig.  X. — Bean  leaves  inoctdated  with  Bacterium  aptaium  bom  leaf- 
spot  of  sugar  beet. 
Fig.  2. — ^Nasturtium  leaves  inoculated  with  Bacterium  aptaium  from 

leaf -spot  of  sugar  beet. 
Fig.  3. — Bean  pods  inoculated  with  Bacterium  aptaium  horn  leaf-spot 

of  sugar  beet. 
(Inoculated  Nov.  la,  1908;  photographed  Nov.  25,  1908.) 
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THE  CALLIEPHIALTES   PARASITE   OF  THE   CODLING 

MOTH 

By  R.  A.  CusHicAN 
BnUmohgkal  Assistant,  Deciduous  Fruit  Insect  Inoestigations,  Bureau  of  Entomology 

INTRODUCTION 

The  notes  and  observations  on  which  the  present  paper  is  based 
were  obtained  at  Vienna,  Va.,  under  the  direction  of  Prof.  A.  L.  Quain- 
tance,  in  Charge  of  Deciduous  Fruit  Insect  Investigations,  Bureau  of 
Entomology,  the  writer  having  been  assigned  to  work  on  the  parasites  of 
deciduous  fruit  insects  at  the  Vienna  laboratory  in  the  spring  of  191 1. 

So  much  has  been  published  concerning  the  Calliephialtes  parasite  of 
the  codling  moth,  under  the  names  Calliephialtes  messor  Grav.  and 
Ephialtes  carbonarius  Christ,  since  its  introduction  into  California  that  it 
seemed  advisable  to  begin  the  work  on  the  project  with  a  study  of  this 
spedes  and  its  liberation  on  a  large  scale.  The  specimens  with  which 
the  start  was  made  were  obtained  from  two  lots  of  parasitized  codUng- 
moth  larvae  secured  in  191 1  from  the  California  State  Insectary.  The 
propagation  from  the  first  lot  was  unsuccessful,  only  three  diminutive 
males  being  reared.  The  second  lot  was  received  in  the  late  summer. 
These  were  reared  to  maturity,  15  females  and  a  larger  number  of  males 
being  secured.  After  these  had  mated  they  were  given  access  to  codling- 
moth  larvae  that  had  been  compelled  to  spin  their  cocoons  in  strips  of 
strawboard.  The  parasites  oviposited  very  readily  in  the  codling-moth 
cocoons.  The  progeny  of  these  individuals  did  not  emerge  until  the  fol- 
lowing spring.  A  large  majority  were  lost  in  an  attempt  to  force  them 
through  to  early  maturity  in  a  greenhouse,  where,  in  spite  of  daily  soak- 
ings  with  water,  the  pupae  dried  up.  A  few  females  forced  to  maturity 
in  this  way  deposited  ^gs,  but  only  males  came  from  them.  However, 
21  females  and  52  males  were  reared  later  from  unforced  material,  and  it 
was  with  thtse  that  the  real  start  in  the  work  was  made  in  the  spring  of 
1912. 

Daring  the  season  of  191 2  several  hundred  individuals  of  both  sexes 
were  reared  under  observation  from  egg  to  maturity.  The  results  of 
these  observations  are  recorded  in  the  following  pages. 

While  the  major  part  of  the  work  was  performed  by  the  writer,  it  was 
greatly  facilitated  by  the  work  of  Mr.  J.  D.  Luckett,  half  of  whose  time 
during  the  period  from  June  15  to  September  15,  1912,  was  spent  in 
assbting  in  this  work. 

Joanua  of  Axricnltisral  Research,  Vol.  I .  No.  3 

Dcpt  of  Africnltttre,  Waiiifantnn.  D.  C.  Dec.  zo,  19x3 

lyoya^'—ia 3  ^"^ 

(211) 


Digitized  by 


Google 


Journal  of  Agricultural  Research  vol  i,  Ka  j 


IDENTITY  AND  INTRODUCTION  OF  THE  SPECIES 

WTien  the  California  State  Horticultural  Commission  began  its  work  of 
:roducing  this  parasite  into  California  in  an  attempt  to  control  the 
dling  moth,  specimens  were  submitted  to  Dr.  William  H.  Ashmead  for 
termination.  Dr.  Ashmead  determined  them  as  the  CaUiephiaUes 
ssor  of  Gravenhorst,  a  species  inadequately  described  from  a  single 
nale  specimen  from  Russia.  Up  to  the  time  of  the  introduction  into 
lifomia,  C.  messor  had  been  mentioned  in  literature  only  once  since  its 
scription.  This  was  by  Taschenberg,  who  in  1863  recorded  it  as  hav- 
r  been  reared  as  a  parasite  of  {Tinea)  Galleria  mellonella,  the  wax 
>th. 

When  the  writer  took  up  the  work  on  the  species,  specimens  reared 
)m  the  codling  moth  in  material  sent  to  the  Bureau  of  Entomology 
>m  Sachsen,  Germany,  were  submitted  to  Mr.  H.  L.  Viereck,  who 
termined  them  as  Calliephialtes  comstockii  Cress.,  a  species  described 
)m  the  United  States.  Later,  specimens  reared  by  the  writer  as  prog- 
y  of  the  specimens  received  from  California  were  sent  to  Dr.  A.  Roman, 
the  Stockholm  Museum.  Dr.  Roman  reported  that  the  museum  had 
specimens  of  C.  messor,  but  that  those  sent  were  identical  with  a 
edmen  determined  for  the  museum  by  Dr.  Ashmead  as  C.  pusio 
alsh,  another  species  described  from  America.  The  specimen  in  the 
ockholm  Museum  bears  only  the  label  "Long  I."  Dr.  Ashmead  there- 
re  evidently  determined  the  same  thing  under  two  specific  names,  one 
iropean  and  the  other  American. 

INTRODUCTION   INTO  CAUFORNIA 

Late  in  1904  Mr.  George  Compere,  acting  as  an  agent  of  the  State 
Drticultural  Commission  of  California,  found  this  species  attacking  the 
dling  moth  in  Spain.  Living  specimens  were  sent  by  him  to  Cafi- 
mia,  where  they  were  propagated  and  their  progeny  released  in  infested 
chards.  At  this  time  the  species  was  supposed  to  be  Ephialies  car- 
narius  Christ,  and  references  to  it  under  that  name  have  appeared  in 
erature,  but  specimens  from  California  were  determined  by  Dr.  William 
.  Ashmead  as  messor  Grav.  and  the  species  placed  in  his  genus  Cal- 
phialtes.  That  it  is  not  Calliephialtes  carbonarius  is  firmly  established 
'  the  well-known  habit  of  that  species  of  attacking  wood-boring  insects. 
In  view  of  the  uncertainty  as  to  the  specific  identity  of  the  parasite, 
e  writer  has  avoided  the  use  of  any  specific  name  in  the  present  paper. 

INTRODUCTION   INTO   SOUTH   AFRICA 

From  California  specimens  of  the  species  were  sent  to  the  Cape  of 
x)d  Hope  in  1907,  where  they  were  propagated  and  released  by  the 
jvemment  Entomologist,  Prof.  C.  P.  Lounsbury.  Reports  of  the  re- 
Its  of  this  introduction  indicate  that  it  is  of  doubtful  success. 
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DESCRIPTION  OF  THE  SPECIES 
GENERAL  DESCRIPTION 

The  adult  female  is  nonnally  about  half  an  inch  long,  exclusive  of  the 
ovipositor,  which  about  equals  the  body  in  length.  It  is  of  the  char- 
acteristic pimpline  appearance,  k>n|^  and  slender,  black  in  color,  with  the 
legs  red  and  the  membranous  portions  of  the  venter  white.  The  ovi- 
positor is  straight  for  most  of  its  length,  but  toward  the  tip  curves  some- 
what ventrally.  The  male  is  somewhat  shorter  and  more  slender  than 
the  female,  as  is  commonly  the  case  in  this  group. 

VARIATION  IN   SIZE 

There  is  considerable  variation  in  size,  depending  upon  the  abundance 
of  suitable  larval  food,  a  few  individuals  of  each  sex  of  not  more  than 
half  the  normal  dimensions  having  been  reared.  However,  extremely 
diminutive  individuals  are  usually  males. 

TECHNICAI.  DESCRIPTION 

Pbmalb. — Length  11  mm.;  ovipositor  11  mm.,  ctirving  slightly  ventrally  at  the  tip; 
abdomen  about  twice  as  long  as  thorax.  Head  and  abdomen  black;  tegula  and  a 
small  triangular  spot  on  the  <k)r90-po6terior  angle  of  the  mesonotum  pale  yellow,  and 
a  very  small  spot  on  the  dorsal  border  of  the  mesopleurum  dark  brown;  thorax  other- 
wise black;  palpi  pale;  antennse  with  two  basal  segments  black,  remaining  segments 
dark  brown;  all  legs  uniform  dark  fulvous;  wmgs  slightly  brownish;  veins  and  stigma 
brown.  Thorax  finely  and  sparsely  punctate ;  propodeum  more  coarsely  and  densely 
ptinctate,  with  a  shining,  impunctate,  median  depression;  abdominal  segments 
ooaisely  and  densely  punctate;  segments  2  to  5  with  a  smooth,  shining,  impressed 
area  on  the  posterior  lateral  angle.  Sheath  of  ovipositor  black,  densely  hairy;  ovi- 
positor proper  brown,  shining. 

Halb. — Length  9.5  mm.;  more  slender;  otherwise,  except  in  sexual  characters,  like 
female. 

DBSCRIPTIONS  OF  THE  THREE  SPECIES  TO  WHICH  THIS  SPECIES  HAS  BEEN 

REFERRED 

CaUiephialtes  messor  (Gmv.). 

CaUiephialtes  messor  Gravenhorst  was  originally  described  in  the  genus 
Hphialtes  in  1 82 1  (i )*  from  a  unique  female  from  Russia.  Dalla  Torre  (5) 
credits  Gravenhorst  with  having  recorded  Tinea  mellonella  as  a  host  of 
this  species,  but  this  should  be  accredited  to  Taschenberg  (2). 

E.  messor  n. — ^Pedibus  rufo-fulvis,  tibiis  posticis  arcuatis.  f.  (aculeo  longitudine 
corporis). 

Statura,  imprimis  proportione  et  tuberculis  segmentorum,  haec  species  meditun 
tenet  inter  antecedentem  et  sequentem;  tibiis  posticis  arcuatis  ab  utraque  differt. 

Longitndo  fere  7  linearum.  Caput  palpis  fulvis.  Thorax  puncto  parvo  testaceo 
ad  radicem  alarum.  Aloe  testaceo-hyalinae,  stigmate  et  radio  fulvis,  radice  et 
squanmla  stramineis,  areola  triangulari  sessili.    Pedes  rufofulvi,  postici  tarsis  fuscis» 

>  FlgUKs  in  paientlieMS  refer  to  "  literature  dted."  p.  935-337. 
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tibiis  arcuatis,  supra  fuscentibtis.    Abdomen  thorace  triplo  longuis,  eoque  paulo 
angusdiis,  cylindricum,  segmentis  3  et  4  latitudine  paulo  longioribtis,  5-7  quadratis, 
omnibus  tuberculis  lateralibus  subprominetitibus.    AcuUus  langitudine  corporis, 
terebra  badia. 
Unicam  feminam  BeiBer  e  Volhynia  tmiMnitit. 

A  translation  of  this  description  is  given  below.* 

Calliephialtes  comstockii  (Ctess.). 

The  only  reference  to  Calliephialtes  comstockii  CressoAi  is  the  original 
description  published  in  1880  (4).  The  type  was  reared  as  a  parasite  of 
Retinia  comstockiana  Femald.     It  was  referred  to  the  genus  Bphialtes. 

EphiaUes  comstockii  Cresson,  n.  sp. 

P91CALS. — Black,  shining;  thorax  smooth,  very  feebly  punctured;  metatborax 
smooth,  rounded,  with  two  abbreviated,  longitudinal,  feebly  developed  elevated 
lines  on  disk,  slightly  divergent  posteriorly;  teguls  white;  wings  hyaline,  subiri- 
descent,  nervures  and  stigma  fuscous,  the  latter  with  a  pale  spot  at  base»  aieolet  as 
usual;  legs  including  coxs  bright;  posterior  tibis  and  tarsi  black;  abdomen  about 
twice  the  length  of  the  thorax,  distinctly  punctured ;  sides  of  the  second  and  following 
segments  tuberculated ;  first  segment  a  little  longer  than  broad,  broadly  excavated  at 
base  and  slightly  grooved  on  disk  above ;  second  segment  longer  than  broad,  widened 
posteriorly;  third  and  fourth  segments  quadrate;  remainder  transverse;  ovipositor  as 
long  as  the  body;  length  of  body  .35  inch. 

HABfTAT. — Ithaca,  N.  Y.     Parasitic  upon  Retinia  comstockiana  Femald. 

Calliephialtes  pusio  (Walsh.). 

Calliephialtes  pusio  Walsh  was  originally  described  in  1873  (3)  in  the 
genus  Ephialtes  without  host  record,  this  constituting  the  only  reference 
to  the  species  in  literature. 

EphiaUes  pusio ^  n.  sp. —  9  •    Differs  from  gigas  9  as  follows: 
I.    The  size  is  1/2  smaller.    2 .    The  face  is  highly  polished  and  scarcely  punctate. 
3.    The  metathoracic  carine  are  obsolete,  being  represented  only  by  a  shi^tly  im- 
pressed stria  extending  1/3  of  the  way  to  the  tip.    4.    The  carinsof  the  first  abdominal 
joint  are  entirely  obsolete.    5.    The  relative  proportions  ol  the  first  5  abdoamul 
joints  are  quite  different,  3-4  being  equal  in  length  and  each  twice  as  long  as  wide, 
'^nd  I  about  1/4  shorter,  and  5  a  trifle  shorter  than  3-4.    6.    The  usual  tubercles  are 
»vious  only  on  3  and  4,  and  are  much  less  prominent  and  round,  not  elongated.    7. 
tie  ovipositor  is  rather  piceous  than  black.    8.    The  l^;s  are  pale  rufous,  all  the 
tures  a  little  darker,  but  both  trochanters  of  the  front  leg,  and  the  outermost  one  in 
c  middle  and  hind  leg,  are  whitish ;  and  in  the  front  leg  the  tarsal  tip,  in  the  middle 
%  the  exterior  face  of  the  tibia  and  the  niiiole  tarsus,  and  in  the  hind  leg  the  extreme 
p  of  the  femur  and  the  whole  tibia  and  tarsus,  are  pale  fuscous.    9.    The  wings  are 
ibhyaline.    Length  9  .60 inch;  front  wing  9  .36 inch;  length ab<k>men  9  .42 inch; 
idth  abdomen  9  •06  inch;  ovipositor  .85  inch. 

>  E\pkialUs\  messor,  n.  sp.— Feet  rufo-fulvous,  posterior  tibi«  arcuate,  female  with  the  ovipontor  as  koc 

the  body. 

[n  habitus,  especially  in  proportions  and  in  the  tuberdes  ol  the  secmcnts,  this  q>ecies  stands  midway 

tween  the  preceding  [i.  e..  E.  h^>erculatus]  and  the  following  [i.  e.,  E.  manifestaior);  in  its  arcuate  posterior 

>ise  it  differs  from  both. 

[,ength  about  7  Hnes.    Head  with  the  palpi  fulvous.    Thorax  with  a  tmall  teataoeoos  ipoi  at  the  bss* 

the  wing;  wings  testaceo-hyaline,  stigma  and  radius  fuhrous,  base  and  tegube  stfamineous,  areokt 

angular  and  sessile;  legs  rufo-fulvous;  posterior  tarsi  fuscous;  tibiae  arcuate,  shading  to  fusooos  sbovc^ 

domen  three  times  as  long  as  the  thorax,  and  slightly  narrower,  cylindrical,  segments  3  and  4  sfifhUy 

nger  than  broad.  5  to  7  quadrate,  all  lateral  tuberdes  subprominent;  ovipositor  as  long  as  the  bodfi 

rcbra  brown* 

A.  single  female  sent  by  Besser  from  Volhynia. 
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METHODS  AND  APPARATUS  USED  IN  PROPAGATION 

The  most  convenient  and  successful  cage  devised,  the  one  in  use  at 
present,  is  constructed  as  follows: 

A  glass  cylinder  about  6  inches  in  diameter  and  10  inches  long  is  laid 
on  its  side  in  a  baseboard  constructed  to  keep  the  cylinder  from  rolling. 
The  back  end  is  covered  with  cheesecloth  held  in  place  by  rubber  bands. 
The  front  is  a  frame  about  12  inches  square,  over  which  is  tightly  stretched 
a  piece  of  cheesecloth.  This  is  held  against  the  front  of  the  cyUnder  by 
means  of  rubber  bands  stretched  between  nails  at  the  side  of  the  frame 
and  the  side  of  the  baseboard,  permitting  access  to  the  cage  without 
actually  removing  the  front  frame,  by  simply  pulling  the  frame  down, 
as  the  rubber  bands  will  stretch  sufficiently  to  admit  the  hands. 

The  cage  is  almost  equally  lighted  from  all  sides,  and  the  cheesecloth 
at  each  end  permits  good  circulation.  It  is  very  easy  of  construction 
and  management  and  very  easily  cleaned.  In  addition,  a  parasite  either 
dropping  or  crawling  from  the  top  of  the  cage  almost  invariably  reaches 
the  lack  of  codling-moth  cocoons  at  the  bottom.  About  15  adult  female 
parasites  can  be  placed  in  one  cage. 

The  racks  in  which  the  codling-moth  larvse  were  placed  for  spinning 
were  of  two  kinds,  depending  on  the  use  to  which  the  larvae  were  to  be 
put.  For  ordinary  propagation  the  common  corrugated  strawboard  used 
in  packing  glassware  was  used.  This  was  cut  across  the  corrugations 
into  strips  about  three  inches  long  and  five-eighths  of  an  inch  in  width. 
This  gives  comfortable  quarters  in  each  cell  for  a  single  worm.  These 
were  placed  on  edge  in  ^nall  wooden  boxes  3  inches  long  by  2^  inches 
wide  and  three-fourths  of  an  inch  deep.  Worms  placed  on  the  racks 
crawled  almost  immediately  into  the  cells  and  shortly  spun  up.  One 
box  at  a  time  was  placed  in  a  cage  with  the  adult  CalHephialtes  for 
parasitization. 

For  the  detailed  study  of  the  Hfe  history  of  the  parasite  double  slides 
of  transparent  celluloid  were  constructed.  The  celluloid  was  cut  into 
strips  three  inches  by  five-eighths  of  an  inch.  These  were  held  apart  and 
the  space  between  divided  into  seven  cells  of  the  proper  size  by  small 
slips  of  cardboard  one-tenth  of  an  inch  thick  and  held  in  place  by  being 
fastened  with  shellac  to  one  of  the  celluloid  strips.  The  whole  was  held 
together  by  small  gummed  labels  pasted  over  the  ends.  Each  cell  was 
numbered  on  the  cardboard  slip  preceding  it.  Each  sUde  was  also  given 
a  number,  and  the  slides  used  in  each  experiment  were  grouped  under  a 
Roman  numeral.  In  this  way  notes  on  the  contents  of  any  given  cell 
could  be  definitely  associated  with  the  subject  without  any  chance  of 
confusion.  With  this  device  it  was  only  rarely  that  accurate  observa- 
tkms  on  the  development  and  activities  of  the  insects  within  the  cells 
could  not  be  readily  made  by  transmitted  light. 
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When  not  under  observation,  each  slide  was  placed  in  a  folder  of  dark 
paper  which  left  only  one  edge  exposed,  and  was  filed  with  others  of  the 
same  experiment  in  a  shallow  box  constructed  for  the  purpose. 

Observations  were  as  a  rule  made  twice  daily,  in  the  early  morning 
and  in  the  late  afternoon,  the  intervening  time  being  considered,  for  the 
purposes  of  the  notes  made,  as  half  a  day. 

It  was  found  that  a  living  worm  within  its  cocoon  would  respond 
immediately  to  the  stimulus  if  a  needle  was  thrust  through  the  bottom 
of  the  cocoon.  This  aided  materially  in  the  determination  of  the  time 
at  which  oviposition  of  the  parasite  took  place,  since,  with  but  one  excep- 
tion, the  parasite  was  never  known  to  deposit  an  egg  without  first  killing 
the  host  larva. 

The  food  supplied  the  parasites  consisted  of  sweet  liquids,  such  as 
sugar  solution,  dilute  molasses,  and  strained  honey.  All  of  these  sub- 
stances were  lapped  up  greedily  by  the  parasites  of  both  sexes. 

REPRODUCTION 

THE   EXTERNAL  SEXUAL   APPARATUS 


OviPOsrroR. — ^The  ovipositor  (figs,  i,  2,  and  3)  is  composed  of  five 

long  slender  pieces.     The  two  outer  ones  are  black  and  hairy,  grooved 

longitudinally  within,  and  form  a  tube  or 
sheath  surrounding  the  ovipositor  proper. 
Next  inside  of  this  is  a  smooth  chitinized 
piece,  deeply  grooved  on  the  ventral  side  and 
terminating  in  a  prowlike  point.  At  its  base 
it  is  forked,  indicating  that  it  is  formed  of 
two  opposed  pieces  fused  along  their  dorsal 
edges.  Within  this  is  a  pair  of  very  slender 
flattened  pieces  barbed  at  their  tips. 

The  outside  pair  together  form  the  sheath. 
This  has  no  part  in  the  act  of  oviposition, 

but  is  merely  a  protection  for  the  ovipositor 

proper,  which  is  composed  of  the  three  other 

pieces.      The  single  piece  may  be  called  the 

"lance,"  since  it  is  with  this   that  the  host 

larva  is  pierced.     The  inner  pair  have  been 

variously   termed   "lancets,"    "stylets,"  etc. 

In  oviposition  the  egg  passes  down  the  channel  pio. 

formed  by  the  three  parts  of  the  ovipositor 

proper. 


Fio.  i.—CaUUphialUs  sp.:  Ventral 
view  of  termiiud 'abdominal  seg- 
ments, showing  relative  position  <A 
elements  of  ovipositor,  a,  Valves 
ol  sheath;  6,  lance;  c,  lancets;  d, 
cerd. 


.—CallitpkiaiUs  sp.:  Lateral 
view  of  terminal  abdominal  set- 
ments.  showing  relative  position 
of  elements  ol  ovipositor,   a.  Valves 


of  sheath; 
cerci. 


b,  lance;  c,  lancets;  < 


On  each  side  and  slightly  above  the  base 
of  the  sheath  is  a  small  tuberdelike  appendage 
bearing  a  number  of  long,  stiff  hairs.     These  are  the  cerd. 

Genttalia  of  Male. — ^The  male  external  sexual  organs  (figs.  4  and  5) 
oonsist  of  two  sets  of  paired  pieces  and  the  penis.     The  outer  pair  ace 
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Pig.  3. — CallupkiulUs  sp.:  lateral 
view  of  tips  of  dements  of  oviposi- 
tor,  a,  Sheftth;  b,  lance;  c,  lancet. 
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tffoad,  tapering  toward  the  tip,  concave  within,  and,  except  during 
copulation,  fit  together  like  the  two  valves  of  a  mussel  shell,  forming  a 
sheath  inclosing  the  other  organs.     They  are 
bomologous  with  the  parts  of  the  ovipositor 
sheath,  and,  like  those,  probably  have  no  other 
function  than  that  of  protection  for  the  more 
essential  organs.    The  penis  is  probably  homol- 
ogous with  the  lance  of  the  ovipositor,  since 
its  position  in  relation 
to  the  other  organs  cor- 
responds to  that  of  the 
lance  in  relation  to   the  other  portions  of   the 
ovipositor.     It  is  a  fleshy,  flattened  organ,  termi- 
nating ventrally  in  two  lobes  contiguous  at  their 
apices.     Immediately  in  front  of   these  on   the 
ventral  side  is  an  opening  leading  into  the  cavity 
of  the  organ.     Immediately  below  the  penis  and 
on  each  side  is  a  2-jointed  appendage  correspond- 
ing to  the  lancets  of  the  ovipositor.    The  basal 
joint  of  this  organ  is  thick  and  muscular  and  on 
the  dorsolateral  side  is  prolonged  into  a  blunt  pro- 
jection bearing  at  its  tip  a  ntunber  of 
stiff  hairs.     It  is  probably  a  tactile 
organ,  and  may  be  called  the  genital 
palpus.    The  second  joint  is  a  large 
blunt  tooth  which  curves  laterad.     It  probably  serves  the 
double  purpose  of  dasper  and  dilator.    The  genitalia,  as 
described  above,  are  surrounded  at  the  base  by  a  more  ^ 

or  less  cup-shaped  chitinized  piece,  the  cardo. 


Fn.  4. — CaUiephialtes  sp.: 
Ventral  view  of  male  genl- 
tafia,  a.  Sheath;  b,  penis; 
c  dasper;  <f«  senital  palpus; 
«,oardo. 


COPULATION 

Copulation  occurs  shortly  after  the  emergence  of  the 
female  and  may  evidently  be  repeated.  The  attraction 
between  the  sexes  seems  to  be  rather  weak  and  is  somewhat 
stronger  in  the  female  than  in  the  male,  as  evidenced  by  the 
excited  movement  of  the  antennae  and  wings  in  that  sex 
on  the  approach  of  the  male.  The  male  apparently  must 
be  within  about  an  inch  of  the  female  before  he  becomes 
conscious  of  her  proximity.  Of  courtship  there  is  none, 
the  male  simply  jumping  to  the  back  of  the  female  as  soon  as  he  per- 
ceives her.  If  she  is  not  ready  for  his  attentions  a  lively  encounter 
ensues,  the  female  using  her  hind  legs  and  wings  in  freeing  herself  from 
the  male.  The  act  of  copulation  is  short,  no  case  having  been  observed 
m  which  the  sexes  were  together  more  than  five  minutes.    In  copulation 


Pio.  S'—CaUu' 
phtaltes  sp.: 
Ventral  view 
of  clasping 
organ  ol  male 
genitalia,  a. 
Basal  portkm; 
b,  clasper;  c, 
genital  pal- 
pus. 
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the  tip  of  the  abdomen  of  the  male  is  curved  down  at  one  side  of  the 
abdomen  of  the  female  while  he  clings  to  her  wings  and  body. 

oviPosrriON 

Dviposition  began  in  the  cages  about  nine  days  after  the  emergence  of 
t  female.  The  stage  of  the  host  selected  is  the  full-grown  larva  in  its 
xx)n.  In  no  case  was  any  other  stage  attacked. 
The  act  of  oviposition  (PI.  XX,  figs.  2  and  3)  was  observed  many  times, 
e  insect  first  explores  the  surface  of  the  cocoon  carefully  with  her 
tennae.  Then  standing  "on  tiptoe"  directly  over  the  cocoon  she 
ses  the  abdomen  to  a  perpendicular  position,  at  the  same  time  lowering 
t  ovipositor.  Sometimes  the  ovipositor  is  lowered  the  entire  distance 
e  from  the  sheath,  the  latter  remaining  in  line  with  the  abdomen; 
t  more  frequently  it  is  not  released  until  it  is  at  or  below  the  horizontal, 
which  case  the  sheath  bends  downward,  only  the  tip  clasping  the 
ipositor.  The  sheath  finally  snaps  back  into  position  in  line  with  the 
domen. 

When  the  lowering  of  the  ovipositor  is  completed  it  lies  along  the 
ntral  surface  of  the  abdomen  and  extends  down  between  the  l^;s,  while 
e  tip  of  the  abdomen  is  bent  downward  over  the  base  of  the  ovipositor. 
le  tip  of  the  ovipositor,  guided  by  the  antennae,  is  placed  against  the 
rface  of  the  cocoon.  The  antennae  are  then  extended  in  front  of  the 
ad  and  almost  parallel  with  the  surface  on  which  the  insect  is  stand- 
{.  The  insect  is  now  exactly  analogous  to  a  machine  drill,  the  body 
d  legs  representing  the  machine  and  the  ovipositor  the  drill.  The 
nt-over  tip  of  the  abdomen  is  pressed  against  the  base  of  the  ovipositor, 
lich  bends  forward  against  the  ventral  surface  of  the  abdomen.  With 
more  or  less  augurlike  motion  the  ovipositor  is  forced  through  the 
coon.  A  few  rapid  jabs  stir  up  the  prospective  host  larva  and  it 
gins  a  desperate  attack  upon  the  ovipositor  of  its  enemy,  biting  it  and 
metimes  holding  on  with  bulldog  tenacity.  In  a  number  of  cases  the 
fense  of  the  larva  was  so  determined  and  powerful  that  the  paraate 
is  defeated  and  left  the  field  minus  a  portion  of  her  ovipositor,  which 
d  been  bitten  off  by  the  larva.  Usually,  however,  the  parasite  is  suc- 
ssf ul  in  her  efforts  and  finally  thrusts  her  ovipositor  into  the  larva,  stiag- 
g  it  into  insensibility.  The  stinging  is  usually  repeated  one  or  more 
nes  after  intervals  of  rest.  The  subjugation  of  the  host  accomplished, 
e  ovisitor  is  withdrawn  from  the  host  and  thrust  its  entire  length  into 
e  cocoon;  then  the  parasite  rests  quietly  for  several  minutes.  In  this 
^sition  the  abdomen  is  bent  downward  so  that  the  tip  is  close  to  the 
Lse.  The  ovipositor  sheath  during  all  this  time  has  retained  its  vertical 
)sition  and  is  now  in  contact  with  the  dorsal  surface  of  the  abdomen  for 
K)Ut  one-third  of  its  length.     In  a  few  moments  there  begins  a  pulsatioii 
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of  the  memtnaacnts  portion  of  the  venter  at  the  base  oi  the  ovipositor, 
at  which  time  the  egg  is  being  forced  into  the  ovipositor.  The  egg  slips 
rather  quickly  down  the  ovipositor,  becoming  visible  at  a  point  just  inside 
tbe  cocoon  and  remaining  visible  during  the  remainder  of  its  passage. 
It  leaves  the  ovipositor,  caudal  pole  first,  at  a  point  about  i  millimeter 
from  the  end  on  the  ventral  surface.  It  is  placed  at  almost  any  point  in 
tlie  cocoon,  not  necessarily  on  the  host  larva. 

Her  ^X  having  been  deposited,  the  parasite  usually  gives  a  parting  thrust 
or  two  and  withdraws  the  ovipositor,  which  springs  back  into  its  sheath. 

The  duration  of  the  act  of  oviposition  is  very  variable,  depending  on 
the  length  of  time  required  to  locate  and  kill  the  larva.  The  shortest 
time  observed  was  11  minutes  and  the  longest  fully  45  minutes.  The 
essential  portions  of  the  operation,  however,  probably  do  not  require 
more  than  4  or  5  minutes  in  the  aggregate. 

Only  one  egg  is  deposited  at  a  time,  and  normally  only  one  parasite 
develops  on  a  single  host.  However,  in  a  considerable  number  of 
instances  superparasitism  took  place,  and  in  a  few  cases  under  observa- 
tion two  parasites  developed  on  a  single  codUng-moth  larva.  This  tend- 
ency was  undoubtedly  encouraged  by  the  confinement  erf  the  cages,  and 
as  many  as  seven  eggs  were  deposited  in  one  cocoon. 

No  data  were  kept  on  the  exact  number  of  ^gs  deposited  by  individual 
parages  nor  on  the  number  deposited  daily  by  individuals,  since  in  each 
of  the  Sfe-history  cages  from  five  to  nine  females  were  used.  But  the 
results  in  these  cages  indicate  that  the  total  individual  oviposition  was 
in  the  neighborhood  of  75  eggs  and  the  average  daily  oviposition  about 
2  eggs. 

THB  HOG 

The  ^g  (fig.  6)  is  opaque  white,  smooth,  1.5  mm.  long,  and  about  one- 
&th  as  wide  at  the  widest  part.  It  is  rounded  at  the  cephalic  end  and 
tapers  to  a  kmg  pcnnt  at  tte  caudal  end;  in  one  plane 
it  is  conaderably  curved.    The  surface  is  without 

sculpture.  Pio.  6.-Cattut>kiaUB» 

As  the  end^o  devetops,  it  draws  away  from  the  *^''  ®"* 

poles,  and  the  chorion  appears  transparent  and  shriveled.  Hatching 
takes  place  thnnigh  a  slit  on  one  side  near  the  cephaUc  pole,  the  larva 
freeing  itself  by  a  series  of  contortions  which  finally  throw  off  the  egg- 
shdl,  which  is  very  tough  and  persbtent. 

The  incubation  period  for  825  eggs  was  determined.  It  varied  from 
one  to  seven  days,  depending  on  weather  conditions.  Table  I  shows 
the  incubation  periods  by  months,  the  number  of  ^gs  hatching  in  each 
period,  and  the  weighted  average  mean  temperature  for  each  period  and 
for  the  season. 
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Table  I. — Incubatdon  periods  of  eggs  of  CalUephiaUes  sp,  and  the  relation  between  tncm- 
bation  period  and  temperature  at  Vienna,  Va,,  JQ12, 


Incubatioa  period. 

Number  of  eggs  hatcfainf  in— 

Total. 

Average 
mean  tem- 
perature. 

Ai»r. 

May. 

Jtme. 

July. 

Sept 

OcL 

I  day 

16 

68 

169 

15 
40 

a 

II 

2 

4 

4 
36 
ao 

7 

I 

49 

75 

35 

7 

5 

17 
57 
19 

I 
I 

I 
4 
6 

13 

a 

5 
5 

10 
6 

\l 

9 

7 
9 
7 
4 
2 

87 
250 

^55 

^2 

\i 

34 

la 
ao 

4 
8 

•F. 
78.0 

74.4 
7a  a 
67.0 
6a.  7 
58.7 
58.9 
55.3 
55-6 
57-3 
54.8 

53-2 

i.«:  davs 

2  days 

3.^  days 

x  davs 

%.<  davs 

O'D  ■»— J"  ..... 

4aays 

A.  <  davs 

I 

I 
I 

Sdays 

5.5  days 

8 

6  days 

6.<  davs 

3 

3 

7  days 

Total 

Average 

2 

2 

14 
5-43 

330 
a.  15 

68 
1-74 

171 
1-54 

1.60 

a.  64 

3.18 

8a5 
a.  14 

69.96 

The  relation  of  incubation  period  to  the  average  mean  temperature 
based  on  the  figures  of  Table  I  is  shown  in  graphic  form  in  figure  7.    Ref< 

erence  to  this  dia* 
gram  will  show  that 
with  a  fair  degree  of 
constancy  the  dtua- 
tion  of  the  incuba* 
tion  period  varied 
inversely  as  the  aver- 
age mean  tempera- 
ture. The  tempera- 
tures that  are  far- 
thest from  the  curve 
(those  of  3.5,  4.5, 
and  5.5  days)  are 
based  on  the  incuba- 
tion periods  of  few 
eggs  (16,  12,  and  4, 
respectively) ,  and 
the  possibility  of 
error  was  therefore 
greater  than  had  the 
number  been  larger. 
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ThQ,  7. — Diagram  showing  rdatioo  between  incubatiao  period  oi  eggs  of 
CaUUphialUs  sp.  and  average  mean  temperature  at  Vienna,  Va..  zgia. 


THB  LARVA 


The  newly  hatched 
larva  (fig.  8)  is  yellowish,  slightly  shorter  than  the  eggy  and  widest 
across  the  head.    The  head  is  distinctly  separated  from  the  rest  of  the 
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txxly.    The  body  is  about  three  and  one-half  times  as  long  as  the  head 

and  is  composed  of  13  segments,  tapering  in  size  toward  the  caudal  end. 

The  head  of  the  newly  hatched  larva  is  shown  in  ventral  view  in  figure  9. 
The  form  of  the  larva  changes  after  the  first  molt  to  thick  spindle 

shape;  it  is  curved  dorso-ventrally  and  is 

mthout  a  definite  head.     When  full  grown 

(fig.  10),  it  varies  much  in  size,  depending 

on  the  condition  and  abundance  of  food.     ^o.8,'^auuph$aius9p:J>orsaiview 

Normally  it  is  about  three-eighths  of  an  of  newiy  hatched  larva. 

inch  long  and  slightly  less  than  a  third  as  thick  in  its  greatest  diameter. 

It  is  pinkish  white  in  color,  the  body  contents  showing  through  the 

tran^arent  skin,  while  the  adipose  tissue  appears  as  opaque-white 

granules.  Larvae  that  later  develop  into  females  average  somewhat 
lairger  than  those  that  develop  into  males.  The  face 
of  the  full-grown  larva  is  shown,  much  enlarged,  in 
figure  10,  6. 

The  larva  begins  feeding  very  shortly  after  hatching 
and  may  attack  its  host  at  almost  any  point,  although 
it  is  more  likely  to  attack  the  dorsum  or  sides  than 
the  venter.  As  feeding  continues,  it  may  change  its 
position  occasionally.  In  most  cases  the  point  of 
spTvaitTtd^^  'u  attack  is  finally  shifted  to  a  point  near  the  posterior 
head  of  newly  hatched  end  of  the  host,  the  parasitc  pushing  the  collapsing 
skin  up  toward  the  head  until  there  is  nothing  left  of 

the  host  but  a  pellet  consisting  of  skin  and  head  shield.     This  is  finally 

pushed  to  one  end  of  the  cocoon. 

CaUiephialtes  is  normally  a  solitary  parasite,  but  as  indicated  in  the 

foregoing  discussion  of  oviposition, 

more  than  one  egg  was  deposited  on 

numerous  occasions  on  a  single  host ; 

though  on  only  a  few  occasions  did 

more  than  one  live  beyond  the  first 

stage.     Usually  the  extra  eggs  did 

not  hatch,  owing  probably  to  their 

being  destroyed  by  the  first  larva  to 

hatch.    The  actual  destruction  of  eggs 

in  this  way  was  observed  on  a  few 

occasions.     However,  in  a  very  few 

instances,  two  larvae  developed  on  a 

sinsrle  host.     In  such  cases  neither  of     ^o-  ^<*'-^oUupkudus  9^1  a,Puii-grownianra; 

the  larvae  attained  normal  size  and 

all  produced  dwarf  adults.    In  only  one  instance  of  double  parasitism  was 

an  adult  female  produced,  and  then  the  other  individusd  was  a  male. 
As  a  rule,  the  cocoon  was  started  very  shortly  after  the  larva  finished 

feeding,  and  for  the  purpose  of  this  paper  the  b^;inning  of  the  cocoon 

is  taken  as  the  end  of  the  feeding  period.     However,  in  a  considerable 
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number  of  cases  some  time  elapsed  after  the  larva  had  finished  feeding 
before  it  began  its  cocoon,  and  in  a  few  instances  in  which  the  insect  was 
reared  to  maturity  no  cocoon  was  made.  But  such  cases  as  that  last 
mentioned  resulted  in  diminutive  adults.  In  most  cases  in  which  the 
cocoon  making  was  delayed  the  supply  of  food  had  been  small. 

The  feeding  period — determined,  as  indicated  above,  from  the  hatdiing 
of  the  egg  to  the  beginning  of  the  cocoon — ^varied,  in  a  total  of  579  cases 
observed,  from  3>^  to  i8>^  days,  with  an  average  of  about  7>^days. 
In  Table  II  all  of  the  larvae  carried  throu^  to  the  qnnning  of  the  cocoon 
are  recorded,  the  months  in  which  they  spun  their  cocoons  and  their 
feeding  periods  being  indicated.  The  weighted  average  feedii^  periods 
for  each  month  and  for  the  entire  period  are  also  shown.  This  is  un- 
doubtedly higher  in  each  case  than  the  normal  average,  because,  while 
the  conditions  of  nature  were  imitated  so  far  as  possible  in  the  cages, 
abnormal  influences  afifected  some  of  the  larve  so  that  not  only  was  their 
feeding  period  protracted,  but  some  time  passed  after  they  had  finished 
feeding  before  they  started  their  cocoons.  However,  it  is  impossible  to 
tell  at  what  point  to  b^;in  eliminating  such  larvse  from  the  averagesi 
so  all  are  included. 

Tabls  U,^A€§mal  and  wMUsi  inmag€  fmUng  pmods  ef  larva  cf  CaUupkialUs  sp.fer 
the  period  from  May  to  October  and  tm  average  for  the  season  at  Vienna  Va,,  IQ12. 


Feeding  period. 

Nitmbcr  ol  Urwm  to— 

M^y. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

TotaL 

^.?  davs 

3 
14 
19 
45 
30 

31 

13 

14 

3 

3 

3 

7 
8 

37 

13 

7 

3 

5 
31 
38 
89 

71 

IS 

49 
«3 
34 
15 
10 
II 
18 
10 

31 

4 

IX 
X 

5 
3 
5 
3 

4 
4 

3 

X 

I 

4  days 

A.K  aavs 

I 
7 
3a 
16 
36 
16 
14 

13 

8 
3 
4 

I 
I 

e  (avs 

0  ^  /" -.-.... 

5.5  cays 

7 
38 
18 
14 

1 

5 

6  days 

6.  c  davs     

I 

3 

X 

7  davs 

7.5  days 

8  days 

3 

3 

I 

3 

I 
3 

7 
I 

3 
10 
17 

8.  c  davs 

9  days 

3 

9-5days 

lo  days      

I 
5 

I 

10.  <  davs 

11  days 

I 

2 

II.  1;  davs 

***o  **••/« 

13  days 

I 

I 

13.  <  davs 

i^  davs 

I 
I 



*o  **■•/ ** 

i3.5days 

14  days 

lA,  K  davs 

I 

xc  davs 

15.5  days 

16  days 

16.^  davs 

lo.qdavs 

Total 

95 
6.98 

143 
6.85 

157 
5-54 

79 
5-" 

13 
8.43 

93 
11.53 

579 
7.07 

Average  feeding 
period  (days)  . .  . 
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A  amsiderable  portion  oi  the  larval  life  of  Calliephialtes  is  passed  in 
the  coooon.  This  period  was  determined  for  116  female  hurve  and  404 
nuJe  larvs.  The  females,  after  spinning  their  cocoons,  leqttired,  on  the 
average,  about  2>^  days  longer  to  attain  the  pupal  stage  than  did  the 
males.  This  is  probably  somewhat  less  than  the  difference  that  wotdd 
exist  under  natural  conditions,  inasmuch  as  the  males  under  observa- 
ticm  were  somewhat  more  inclined  to  extend  this  portion  of  their  de- 
vdopment  beyond  the  normal  than  were  the  females. 

In  Table  III  are  brought  together  the  data  on  that  portion  of  the 
larval  Hfe  passed  within  the  cocoon.  The  figures  include  the  prepupal 
period,  whidh,  not  being  a  definite  stage  in  the  development  of  the  insect 
but  a  transition  stage,  it  is  impossible  to  determine  exactly.  From 
this  table  are  eliminated  the  data  on  8  females  and  11  males  that  re- 
mained in  this  condition  for  an  abnormally  long  time.  The  actual 
maTimum  period  recorded  for  females  was  24  days  and  for  males  36^^ 
days. 

TablS  III. — Lanral  period  of  both  sexet  cf  CalUepkiaUes  sp,  in  cocoon  in  various  months, 
TBtightod  average  period  for  each  month  and  for  the  season,  and  weighted  afoerage  mean 
temperature  for  each  period  and  for  the  season  at  Vienna,  Va,,  jgi2. 


Larral  period  in 

FMnaks:  Number  of 

of  fe- 
males. 

Average 
mem  tem- 
perature 
for  period. 

Males:  Number  of 

Twal 
num- 
ber of 
males. 

Average 
mem  tem- 
perature 
for  period. 

June. 

July. 

Auf. 

Sept. 

June. 

July. 

Aug. 

Sept. 

4  dap 

•F. 

I 
2 

II 

9 

34 

19 

'i 

10 

2 

X 

I 

3 

I 

I 
I 
I 
2 

24 

13 
20 
II 
14 

5 
10 

I 
2 
2 

I 

I 

4 
I 

9 

2 

3 
I 
2 

2 

2 

3 
12 
12 
70 

J! 

37 
S6 
27 
24 
9 
II 

4 
7 
•7 

•F. 
78.0 
78.2 
76.  g 
74.8 
74.2 
72.7 
71.0 
72.4 
71.7 

U 

71. 1 

70.9 
72.4 
72.1 

A.<  oavB 

5  dap 

5.5  days 

II 

13 
20 

17 

33 

22 

10 

7 

5 

X 

2 
3 

6  dap 

3 
3 

3 

I 
I 

2 

4 
12 

7 

IS 
II 
II 

6 
22 

4 

5 

77.  s 

77-7 
72.3 
74.4 
72.2 

73-9 

69.0 
69. 1 

6.<  oavs 

7  dap 

7-5  day 

8  dap 

8.5  days 

9  dap 

9-5  days 

10  dap 

10.5  days 

11  dap 

ii.Sdays 

12  dap 

i2.caavs 

I 
I 
8 

4 
II 

I 

6 
16 

4 
4 

I 

3 

2 
2 

2 
I 

I 

4 

I 

•3^'^J*' 

^13  dap 

ij.sdays 

14  days 

Total. . . . 

Weighted  av- 
erase    pe-« 
riod^days.. 

Avenge  tem- 

4 
I 
.2 

4 
I 

2 

67.7 

66.8 
67.6 

77 
la  2 

14 
8.0 

10 
9-7 

7 
ia4 

108 
9.9 

7a  I 

135 
7.9 

"5 
6.6 

108 
7.2 

as 

8.7 

393 
7-4 

72.1 
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c  form  in  the  diagram 

stature  and  the  larval 

it  is  evident  that  indi- 

spinning  of  the  cocoon 

emal  conditions  other 

ss  time.     The  same  is 

true  of  the  females 

after    io>i    days, 

although    these 

showed    the   effect 

to  a   less    marked 

degree  than  did  the 

males. 

It   will    be   seen 
from     the     figures 
given  for  the  feed- 
ing period  and  the 
larval  period  in  the 
cocoon    that    the 
minimtun  and  max- 
^    imum  possible   to- 
tal  larval  periods 
dy,  and  for  males  7.5 
tns  were  for  females  12 
)i  days. 

id  on  the  total  larval 
des  and  16  males  in 
)rotracted.  The  total 
as  determined  was  99 
n  the  average,  nearly 
did  the  males. 


>hialtes  sp,  at  Vienna,  Va., 


N^umber  pupat- 
ing in— 

TMal 
number 
of  males. 

ly. 

Au- 
gust. 

Sep- 
tem- 
ber. 

T 

19 

za 
a8 

24 

I 
[O 

8 
^5 

I 
I 
I 

3 

4 
8 

3 

••  •  •  • 


Digitized  by 


Google 


Dec  so.  i9«s         CaUiephiaUes  Parasite  of  Codling  Moth 


225 


XiBLS  Vf, -Summary  of  data  on  total  larval  period  of  CallUphialUs.;  ai  Vienna,  Va., 

jpj2— Continued . 


ToUlhma 
period. 

PenmleK  Number  of  fair 
vc  impatins  ih— 

ToUl 

number 

of  females. 

Hsies:  Number  pupat- 
ing in— 

Total 
number 
of  males. 

June. 

July. 

Au- 
gust. 

Sep. 
tem- 
ber. 

June. 

July. 

Au- 
gust. 

Sep. 
tem- 
ber. 

a 
3 
3 
I 

I 
I 

3 
4 
4 
3 
a 

5 
10 

7 

5 

n 

7 

t 

3 
3 

4 

10 
za 

rt 

II 
18 
10 

5 

'I 

a 

I 

3 

a 
I 

I 
I 

25 
4 
7 
3 
5 

a 
I 

a 

I 
I 

15 

4 

16 

*  *  8  ' 

I 

5 

a 

4 

I 
a 

4 
I 
a 

a 
I 

I 
I 

a 

I 

54 
ai 

34 
23 
25 
ao 
18 

7 
ao 

7 
5 
3 
4 

3 

I 
I 
I 

la.c  davs.... 

»3aays 

13.5  days.... 

14  days 

14.5  days.... 

15  days 

15.5  days.... 

16  days 

16.5  days. . . . 

17  days 

\lit':::: 

18.5  days.... 

19  days 

19.5  days.... 
ao  da3rs 

z 
a 

a 
5 
7 
6 

4 
10 

3 

I 

2 

3 

4 

X 

a 
I 

a 

I 

I 
I 
I 

I 





Total 

nod,  days. 

64 
16.5 

II 
13.3 

6 
15.4 

5 
15.9 

86 
i6.  0 

139 
14.3 

105 
11.9 

78 
ia.8 

16 
13.6 

3^8 
13.3 

THE  PREPUPA 

A  few  days  before  pupation  the  larva  begins  to  show  the  constriction 
between  the  thorax  and  the  abdomen,  the  eyes  become  discernible  as 
distinct  red  spots,  and  before 
pupation  actually  takes  place 
the  appendages  can  be  indis- 
tinctly seen  through  the  delicate 
larval  skin.  The  antenna  are 
coiled  under  the  head  instead  of 
being  extended  along  the  venter, 

as  in  the  pupa.     In  the  prepupal        ^°- "  •-^««^^*^'«  ^'-  p^^p»  <^  '«"•>«• 
stage  (fig.  12)  the  sex  of  the  insect  can  with  certainty  be  determined 
for  the  first  time.     In  ♦lie  female  prepupa  the  tip  of  the  abdomen  is  bent 
sfightly  backward,  indicating   the  developing  ovipositor,  while  in  the 
male  the  caudal  segment  is  straight. 

THE  PUPA 

When  pupation  takes  place,  the  larval  skin  splits  along  the  median 
dorsal  Hne  over  the  top  of  the  head  and  for  a  short  distance  down  the 
back,  and  through  this  opening  the  pupa  makes  its  exit.  Figure  13 
shows  the  beginning  of  pupation  of  a  female  Calliephialtes.  The  rent  in 
the  exuvium,  through  which  the  antennae  are  shown  to  extend,  was 
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[>bably  caused  accidentally  in  the  preparation  of  the  specimen.     By 

series  of  twisting  contortions  the  exuvium  is  gradually  worked  back- 

ird  to  the  tip  of  the  abdomen,  where  it  is  thrown  oflF.     It  is  very  delicate 

d  transparent,  but  as  it  is  pushed  back  and  becomes  wrinkled  it 

idually  appears  darker  until,  when  it  is  entirely  shed,  it  is  light  grayish 

3wn  and  is  a  mere  shred. 

In  the  male  this  is  the  end  of  the  act  of  pupation,  btit  it  leaves  the 

nale  with  the  ovipositor  only  a  small  fraction  of  its  ultimate  length 

d  very  thick. 

The  extension  of  the  ovipositor  is  accompanied  by  a  series  of  rythmical 

>vements,  about  seven  to  the  minute,  duringwhichtheorgan  is  repeatedly 

pressed  against  the  (k>rsumof 
the  abdomen.  Whether  the 
pressure  thus  exerted  is  the 
cause  of  the  lengthening  of 
the  ovipositor  or  the  effect  of 
presstu^    from    within    the 

».  13.— Co0M^ibiaitef8p.:  Begmning  of  exuviation  of  female  body  and  merely  incidental 
^"^'^^  could  not    be    determined. 

The  act  of  exuviation  required  about  15  minutes,  but  where  the  exten- 

n  of  the  ovipositor  was  observed  and  timed  the  extenaon  consumed 

•m  35  to  41  minutes.     The  pupation  of  the  male 

irefore    required    about    15    minutes,   while    the 

nale  required  from  50  to  56  minutes  to  complete 

i  process. 

The  newly  formed  pupa  is  entirely  white,  with 

*  exception  of  the  eyes,  which  are  red.    The  legs 

d  antennae  lie  fully  extended  along  the  sides  and 

titer,  and  in  the  female  the  ovipositor  lies  along 

I  dorsum,   extending   the   whole   length   of    the 

dy  and  curving  somewhat  at  its   tip  over  the 

^d. 

Gradually  the  eyes  darken,  becoming  very  dark 

fore  the  adult  color  begins  to  appear  over  the  rest 

the  body.    The  head  and  thorax  are  the  next  to 

sfin  to  assume  color,  then  the  dorsal  and  ventral 

Ltes  of  the  abdomen,  the  antennae,  the  legs,  and 

ally  the  ovipositor.     When  the  coloring  is  com-  f 

ite  (see  fig.  14),  the  head,  thorax,  and  antennae  are  fk>.  i^-^auupkioius  s^- 

ick,  the  eyes  dark  reddish  brown,  the  wing  pads     ^^^^^^^'^ 

ly,  the  chitinized  portions  of  the  abdomen  and 

ipositor  nearly  black,  the  legs  yellowish,  and  the  tmchitinized  portions 

ite. 

The  pupal  periods  of  109  females  and  366  males  were  determined.    The 

erage  female  spent  1.66  days  longer  in  this  stage  than  did  the  average 

lie.    This  diflFerence  would,  however,  probably  be  somewhat  greater 
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wider  nattual  conditions,  as  the  maks  under  observation  were  consider- 
ably more  likely  to  extend  this  period  beyond  the  normal  than  were  the 
females.  The  actual  d]£Eerence  is  probably  more  closely  indicated  by 
the  shortest  pupal  period  for  each  sex,  which  gives  a  difference  of  two 
days. 

In  Table  V  the  data  on  the  pupal  period  are  summarized  and  the  aver- 
age mean  temperature  for  the  various  periods  given. 

TastS  V. — Summary  of  data  on  duration  of  pupal  period  of  CalUepkiaUes  sp.  and  aver' 
age  mean  temperature  at  Vienna,  Va.,  igi2. 


Pupal  period. 

transfonnuig  in— 

ToUl 
number 

Average 
mean 

tempera- 
ture. 

Males:  Number 
transformins  m— 

ToUl 
num- 
ber of 
males. 

Aver- 
age 
mean 
tern- 
pera- 
ture. 

•^ 

1 

1 

of  fe- 
males. 

►-> 

1 

< 

1 

6days 

•F. 

1 

I 

17 
3 

II 
8 
9 

I 

3 

I 
38 
17 
45 

37 
8z 

34 

30 

3 

•F. 
77.3 

11% 

74.7 
74.4 

^: 
68.3 
68.0 

'i\ 
66.4 

6.(  days 

7  davs 

8 

5 

9 

II 

14 
14 

38 

16 

I 

3 

9 

23 

14 

31 

Z 
3 

7.5  days 

Z 
3 

4 

17 

33 

?5 

19 

3 

saayi. 

3 
I 
3 

3 

10 

6 

I 

z 
I 
3 

z 
3 

5 

I 

3 

4 

3 

3 

9 

4 
18 
18 
13 
17 

4 

78.7 
73.4 
76.9 
73.  6 
71.9 
71.6 
69.9 
68.6 
68.9 
67.5 
66.7 

8.5  days 

9dm 

o.cday8 

lodays 

icjdays 

ndays 

II.S  days 

la  days 

la.cdays 

i3aay» 

Total.... 

palpenod, 
days 

pefatnre.**F 

5 

7 

10 

17 

15 

5 

4 

I 

- 

63 

36 

7 

13 

Z09 

137 

49 

107 

73 

366 

11.50 

9.90 

9.57 

9.73 

ia78 

70.9 

9-94 

7.83 

9.19 

8.36 

9.13 

70-3 

The  August  column  for  males  in  Table  V  includes  the  data  on  49 
pupae  which  were  reared  from  unfertilized  eggs.  Whether  the  parthenoge- 
netic  character  of  these  eggs  had  any  eflFect  in  lengthening  the  pupal 
period  is  a  question,  but  a  comparison  of  the  pupal  periods  of  these  with 
those  of  the  34  males  that  were  developing  at  the  same  time  from  f erti- 
Bzed  eggs  shows  that  the  pupae  from  parthenogenetic  eggs  required  a 
•omewhat  longer  time.  This  is  shown  in  Table  VI.  If  these  49  indi- 
viduals were  diminated  in  Table  V,  the  total  and  average  in  the  August 
column  would  be  58  and  8.61 ,  respectively,  and  the  grand  total  and  grand 
aven^  would  be  317  and  9.0,  respectively. 
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and  <A  the  depth  of  the  host  cocoon.  The  upper  and  lower  sides  and 
the  end  next  the  remains  of  the  host,  most  frequently  the  cephalic  end, 
are  flattened,  while  the  edges  and  the  other  end  are  more  rounded. 

The  cocoon  is  of  a  pale  pinkish  bn>wn  color,  semitransparent,  and 
is  composed  <A  a  thin  tissuelike  material  containing  but  few  threads. 

It  was  found  very  easy  to  observe  by  transmitted  light  the  devel- 
cqHnent  of  the  parasite  in  its  cocoon. 

The  period  in  the  cococm  includes  a  part  of  the  larval  life,  all  of  the 
pupal  period,  and  a  small  portion  of  the  adult  life.  By  adding  the 
minimtmis  and  maximums  for  each  of  these  phases  of  development  the 
total  possible  minimum  period  would  be  for  females  14.5  days  and  for 
males  10.5  days  and  the  total  possible  maximum  period  for  females  39 
days  and  for  males  50  days.  The  actual  minimum  and  maximum  for 
females  were  15.5  and  37.5  da3rs,  respectively,  and  for  males  11.5  and 
36  days. 

The  duration  of  this  period  was  determined  for  iii  females  and  396 
males.  The  weighted  average  duration  of  this  portion  of  the  life  his- 
tory indicates  that  the  females  remain  in  the  cocoon  about  four  days 
longer  than  do  the  males.  Table  VII  summarizes  the  data  obtained. 
Bight  females  and  five  males,  the  recorded  periods  of  which  were  far 
in  excess  of  the  normal  for  the  month  in  which  they  emerged,  are 
omitted  from  the  table. 

TablS  VII. — Summary  of  period  spent  by  CalUephiaUes  sp.  in  cocoon,  showing  number 
for  each  period  by  months,  total  for  each  period  and  each  month,  and  average  period  for 
each  month  and  for  the  season  at  Vienna,  Va.,  jpi2. 


Period  m  cocoon. 

Number  of  females  emerging 

Total 
num- 
ber of 
fe- 

Number  of  males  emerging 
in— 

Total 
Hum- 
berof 
males. 

June. 

July. 

Au,. 

Sept. 

June. 

July. 

Aug. 

Sept. 

II  c  davs.  . . . 

z 

z 

12  days 

12. c  davs. . . . 

z 

zo 
4 
4 

2 

9 
3 

5 

z 

zz 

5 

4 
3 

2Z 
14 
38 
22 

58 

43 
26 

z8 

17 

7 

zo 

11  davs 

z 
z 

11  K  davs.  . . . 

lA  davs 

*^  »*«•»«» 

lA.  c  davs .... 

z 
6 

.1 

zz 

29 

20 

17 

4 

7 
5 

2 
z 
z 

"e" 

5 

ZI 

z8 
7 
5 
2 

3 

3 

z 
z 

tc  davs.    . 

15  5  days .... 

I 
I 
I 
2 

z 
I 
I 
2 

2 

16  days 

z6  K  days 

17  davs. . 

8 

11 

20 

Z2 
ZZ 

4 
8 

3 
3 
2 

17.  cf  d  avs.  .  . . 

18  days 

2 

2 
z 

4 

•  8 

8 

7 
zz 

18.  c  davs .... 

I 
I 

z 
3 

z 

4 

I 
I 
4 

zodavs 

2 

3 

2 

4 

I 

10. c  davs.  .  . . 

20  davs 

20.5  days .... 

21  days 

2 
2 

6 
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TablS  yil,-^umimary  of  period  spent  by  CaUiepkiaUss  sp.  in  coa 
for  each  period  by  months,  total  for  each  period  and  each  month,  a 
each  month  and  for  the  season  at  Vienna,  Va.,  jpj2— Continued. 


Period  in  cocoon. 

Nombcr  ol  females  emerginc 

Total 
nusn- 
berof 

fe- 
males. 

Nmaberof  mi 
in- 

June. 

July. 

Aug. 

Sept. 

June. 

July. 

21.  <  davs. .  -  . 

8 

13 

4 

II 

3 

I 

3 
3 

3 
I 
I 

I 
I 
I 
I 

9 

5 

1 

3 
\ 

3 

33  days. . . 

I 

23.5  days. 
21  davs. . . 

I 

I 

•0  *•••/•»•  • 
33.5  days. 
2d  davs. . . 

'■"1 

34.5  days. 
3^  davs. . . 

1 

1 

36  days. . . 

1 

36.5  days. 
27  davs. . . 

Total  num- 
ber  

60 

33.6 

23 
19.4 

7 
3a  0 

13 
2a  5 

103 

"5 

133 
19.4 

50 
15- 3 

Average  pe- 
riod, days.. 

THE  ADULT 

Transformation  from  the  pupa  to  the  adult  within 
place  one  or  two  days  before  the  emei^gence  of  the 
largely  on  the  difficulty  enoountexed  by  the  insect  in  1 
the  remains  of  the  host  and  through  the  two  cococ 
effects  her  escape  in  a  somewhat  shorter  time  than  the 

In  the  spring  the  males  appear  some  time  ahead  01 
indicated  by  the  emergence  of  unforced  material  in  th 
Prom  this  material  the  first  males  appeared  on  April 
females  10  days  later.  In  fact  all  but  a  few  belated 
before  the  first  female. 

The  males  far  outnumbered  the  females  throughout  tl 
by  the  observations,  and  it  was  found  that  the  pro] 
increased  with  each  succeeding  brood.  It  appears  that 
unavoidably  unnatural  conditions  of  the  artificial  props 
the  production  of  males  and  that  this  effect  was  cun 
528  individuals  reared  from  mated  females  in  the  re 
experiments  396,  or  exactly  three-fourths,  were  ma] 
summarizes  the  data  on  this  point. 
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BioU. 

Number 
femaks. 

Nnmber 
males. 

Ratio  of 
to  males. 

mbemating 

Pifst 

21 
&1 
30 

9 

153 

112 

79 

1:2.48 
1:1.87 
1:5.60 
1:8.79 

Second 

Thiid 

Total 

132 

396 

1:3- 00 

Of  the  57  individuals  reared  from  partbenogenetic  eggs  all  were  m 

No  deJGnite  data  were  obtained  on  the  longevity  of  the  females,  foi 
reason  that  it  was  necessary  to  use  all  such  in  propagation  experim< 
and  the  individuals  could  not  be  distinguished.  Some  informatioi 
this  pcnnt  can,  however,  be  obtained  from  the  notes  on  the  propaga 
cages.  AU  females  were  fed,  and  hence  there  are  no  data  on  longc 
without  food. 

Of  the  unforced  hibernating  females  the  first  emerged  on  May  3  anc 
last  on  May  13.  The  latter  was  a  weak  individual  and  lived  onl; 
days.  The  last  to  emerge  previous  to  it  appeared  on  May  7. 
earliest  death,  with  the  exception  mentioned  above,  occurred  on  Ju 
and  the  last  on  June  22.  This  gives  a  maximum  longevity  of  50  da; 
minimum  of  22  days,  and  an  average  of  36  days. 

Females  emerging  from  June  13  to  17  died  from  July  9  to  Augu 
The  maximum  longevity  was  55«days,  the  minimum  22  dajrs,  and  ave 
38.5  days. 

Females  emerging  from  June  24  to  26  died  from  July  19  to  Augu 
The  maximum  longevity  was  46  days,  the  minimum  23  da}^,  and 
average  34.5. 

Females  emerging  from  June  27  to  July  i  died  from  July  9  to  30. 
maximum  longevity  was  33  days,  the  minimum  8  days,  and  the  ave 
20.5  days. 

The  females  surviving  on  August  9  in  all  first-generation  cages  ' 
assembled  in  one  cage  on  that  date.  Of  these,  4  were  from  a  lot  emer 
from  June  18  to  20,  an  average  of  51  days  previous  to  the  transfer;  3  i 
a  lot  emerging  from  June  22  to  23,  an  average  of  47.5  da)^  previous! 
emerging  from  July  3  to  10,  33.5  days  previously.  The  10  females,  s 
being  placed  together,  died  August  13  to  19,  an  average  of  7  days  li 
The  average  longevity  of  the  females  from  the  earliest  of  the  three 
was  therefore  58  days,  of  those  from  the  second  lot  54.5  days,  an 
those  from  the  third  lot  40.5  days. 

The  average  longevity  of  all  females  listed  above  was  51  days. 


Digitized  by 


Google 


Jaiirnal  of  Agricultural  Research  volln^s 

mber  of  surplus  males  emerging  from  June  14  to  22  were  used  in 
^riment  to  determine  the  longevity  with  and  without  food.  Of 
males  used  in  the  experiment  22  were  fed  and  29  unfed.  For  the 
es  the  maximum  longevity  was  51.5  <lays»  the  minimum  8.5  days, 
:  weighted  average  32.5  days.  The  longest  lived  unfed  male  lived 
;,  the  shortest  lived  3  days,  and  the  average  lived  5.4  days.  The 
:  fed  male  therefore  lived  almost  exactly  six  times  as  long  as  the 
:  unfed  male. 

idult  Calliephialtes  were  very  easily  handled  on  account  of  their 
odlity.  On  many  occasions  while  photographing  the  females  in 
of  oviposition  the  writer  has  carried  a  transparent  slide  on  which 
e  was  perched  from  the  insectary  to  a  greenhouse  20  feet  distant, 
}  in  front  of  the  camera,  and  made  one  or  more  exposures  without 
set  withdrawing  her  ovipositor;  and  in  no  case  was  the  insect 
itly  disturbed  to  cause  her  to  fly  away, 
idults  fed  greedily  at  all  times  on  the  sweet  liquids  supplied  them, 

males  confined  their  feeding  to  this  sort  of  diet.  But  the  femaks 
iquently  fed  on  the  juices  of  the  codling-moth  larvae.  This  food 
cured  by  repeatedly  jabbing  with  their  ovipositors  the  larvse  in 
cx>ns  and  licking  up  the  juices  that  saturated  the  cocoon.     Fre- 

a  half  or  more  of  a  larva  would  be  consumed  in  this  way,  the 
t  continuing  to  feed  for  an  hour  or  more,  alternately  pumping  the 
f  the  larvae  out  with  her  ovipositor  and  licking  them  up.  On  one 
1  a  female  Calliephialtes  was  observed  to  have  killed  and  partially 

larva  that  had  left  its  cocoon  and  was  at  large  in  the  cage, 
total  developmental  period  from  oviposition  to  emergence  was 
ined  for  112  females  and  399  males.  For  females  it  ranged  from 
ys  to  44.5  days  and  for  males  from  18  to  44  da3rs.  Both  of  the 
mis  as  well  as  a  considerable  number  of  other  records  are  based 
;dduals  which,  for  some  cause — usually  inadequate  food  supply— 
lable  to  go  through  their  development  in  as  short  a  time  as  they 
have  done  under  normal  conditions.    The  records  for  12  such 

and  22  males  are  omitted  from  Table  IX,  which  summarizes  the 
[  the  100  other  females  and  377  other  males.  This  table  indicates 
e  average  female  required  about  5  days  longer  to  complete  devel- 

than  did  the  average  male,  the  shortest  period  for  females  being 
rs  longer  than  the  shortest  for  males. 
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Tabls  IX. — Totol  deuelopmenlal  period  of  CaUiephiaUes  sp,;  sumnmary  of  duration  of 
period  by  monihs,  sexes,  and  for  the  season  at  Vienna,  Va.,  jgi2. 
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number 

offe. 
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Ntmiber  of  males  emerging 
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June. 

July. 

Aug, 

Sept. 

June. 

July. 

Aug. 

Sept. 

Days. 
18 

X 
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X 
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3 

xo 

17 
xo 

IS 
33 
31 
3a 
32 
14 
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3X 
30 

34 

38 

IS 

33 

3 

IS 

I 

4 

18.S 
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X 
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X 
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4 

3 

5 

xo 

14 
x8 

19 

9 

14 
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4 
6 

4 
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4 
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IX 
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X 

io.< 

3 

a 

9 
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3 
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z 

X 
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3 

31-5 
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1      

\  .      Total.... 

59 
31- 1 

ax 
37.4 

7 
27.1 

13 
37.3 

zoo 
39.6 

136 

37.3 

47 
21.7 

130 
34.x 

74 
23.5 

377 
24.7 

jj^^  definite  experiments  were  conducted  in  experimental  control  of  the 
^U>pment,  but  dtuing  the  warm  weather  many  strawboard  slips  of 
V*^tized  larvae  were  placed  in  cold  storage  to  retard  the  development 
^  ^^  parasites.  In  so  far  as  it  was  possible  to  determine,  they  were 
Vt^  in  storage  after  the  spinning  of  the  parasite  cocoon.  This  retar- 
^  ^On  of  development  had  no  apparent  effect  on  the  further  development 
^^  removal  from  cold  storage.  It  did  seem,  however,  to  reduce  the 
^*^vity  and  vitality  of  the  resulting  adults,    h.  J.  Newman  (18)  records 


Digitized  by 


Google 


Journal  of  AgricuUmral  Researdi 


V0L1.M9.1 


g  of  immature  specimens  of  CaUiephialies  messor  in  cold  Moiife 
d  of  14  montlis,  after  which  they  emei:]ged  without  having  suf- 
le  least. 

SEASONAL  HISTORY 

t  females  to  emerge  from  hibernation  in  the  spring  of  1913 
on  May  3  and  the  last  on  May  15.  These  were  placed  with 
ropagation  cages.  The  first  egg  was  deposited  on  May  13,  ten 
the  first  emergence. 

'  to  determine  the  maximum  and  minimum  number  of  genera- 
leason,  the  five  earliest  and  five  latest  appearing  female  progeny 
emating  brood  were  used  in  the  life-history  cages,  a  separate 
:  used  for  each  group.  The  same  plan  was  followed  out  with 
ceding  generation.  Prom  the  earliest  female  progeny  three 
generations  were  reared,  and  from  the  latest  group  two  genera- 
bred.  With  the  hibernating  brood  this  gives  a  mA-gimtim  of 
iitions  in  the  year  and  a  minimum  of  three  generations.  Table 
izes  the  data  on  the  number  of  generations.  It  is  interesting 
at  the  total  time  consumed  by  the  three  generations  is  only 
nger  than  that  consumed  by  the  two. 

Number  of  generations  of  CalUepkiaUes  sp,  reared  at  Vienna,  Va.,  igi2. 


Gcnentkn. 

genentioiis. 

Minimum  mimber  of 
gcneratioos. 

Date  of  first 
female. 

ToUl  cyde. 

Date  of  last 
female. 

Total  cyde. 

hibernating 

?Lrst 

May      3 
June    13 
July    i8 
Sej)t.     3 

Days. 

May    13 

July   13 

Sept.  13 

Dayt. 

41 
35 
47 

61 
61 

second 

rhird 

Total    peri- 
od, days . . 

"3 
41 

61 

Vverage    cycle, 
days 

ment  ceased  at  about  50**  F.,  although  oviposition  was  fre- 
rried  on  actively  at  that  temperature.  After  the  middle  of 
iry  few  eggs  hatched,  although  the  last  eggs  of  the  season  were 
ted  until  November  i.  All  but  a  very  few  of  the  larvae  that 
this  season  passed  through  the  feeding  stage  and  constructed 
ms. 

laltes  sp.  hibernates  as  a  full-grown  larva  in  its  cocoon.  In 
it  is  capable  of  withstanding  a  very  low  temperature.  The 
among  hibernating  larva  during  the  winter  of  1911-12  was 
:,  if  not  nil,  in  spite  of  the  fact  that  a  temperature  of  —6^ 
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Fahrenheit  was  recoided  in  the  insectaiy.  This  is  an  tmusnaUy  low 
record  for  the  locality  and  indicates  that  the  species  would  have  no 
difficulty  in  arrlimating  itself  were  it  liberated  in  the  r^on. 

ALTBRNATK  HOSTS 

The  femak  *panisites  appeared  in  the  spring  a  few  days  in  advance  of 
the  first  adult  codling  moth,  or  somewhere  about  40  days  befone  they 
could,  under  natural  conditions,  attack  the  first  brood  of  larvae  of  the 
codling  moth.  The  hibernating  brood  of  parasites  would  therefore  have 
passed  the  greater  portion  of  their  adult  life  before  an  abundance  of 
codling-^noUi  larvae  could  be  found.  This  would  necessitate  a  very  small 
first  generation  of  the  parasites  unless  they  would  attack  some  other  host. 

To  determine  if  Cfdliephialtes  would  attack  other  ^)ecie8  of  insects, 
larvae  of  Enarmonia  prunivora  Walsh,  Euzophera  semifuneralis  Walk., 
and  Gnorimoschema  gaUaesolidaginis  (Riley)  were  placed  in  the  propa- 
gating cages  with  actively  ovipositing  female  parasites.  The  larvae  of 
the  first  two  species  were  placed  in  transparent  cells,  and  those  of  the 
last  were  allowed  to  remain  in  their  galls.  Only  a  single  Enarmonia 
larva  was  available,  and  this  was  parasitized  within  2  days,  a  diminutive 
male  Calliephialtes  emerging  from  the  cocoon  22  days  later.  This  species 
IS,  however,  much  smaller  than  the  normal  full-grown  larva  of  the  para- 
site, and  it  is  doubtful  if  it  would  serve  in  the  long  run  as  an  alternate 
host. 

Of  the  two  other  species  of  larvae  neither  was  apparently  given  the 
least  attention  by  the  parasites,  although  those  of  Euzophera  were  left 
in  the  cage  for  several  weeks. 

Codling-moth  larvae  containing  the  internally  parasitic  larvse  of  As- 
cogasier  carpocapsae  were  readily  attacked  and  parasitized  by  Calli- 
ephialtes. This  alwa3rs  resulted  in  the  death  of  the  earlier  parasite  and 
the  production  of  a  diminutive  adult  Calliephialtes. 

On  one  occasion  a  Calliephialtes  larva  that  had  already  spun  its  cocoon 
was  attacked  and  killed  by  an  adult  of  the  same  species.  When  the  fact 
was  discovered,  a  small  living  larva  was  feeding  on  the  dead  parasite 
fauva.    This  parasite  larva  died  without  spinning. 
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DESCRIPTION  OF  PLATE 

rp.  Fig.  I. — ^Female.  Figs.  2  and  3. — Characteristic  posi- 
nsect  in  oviposition.  Fig.  4.— Male.  Figures  z  and  4  aie 
aes.    Figures  2  and  3  are  retouched  photogrs^hs  tram  life; 
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POLYPORUS  DRYADEUS,  A  ROOT  PARASITE 
ON  THE  OAK 

By  W.  H.  LavG, 
Fonsi  Pathologist,  IwoestigaHons  in  Foftt  Paihology,  Bureau  of  Plant  Industry 

BulHard  (1789,  1791)  ^  figured  and  described  under  the  nomit  Boletus 
Pseudo-igniarius  a  fungus  which  most  European  mycologists  believe  is 
the  plant  now  called  Polyporus  dryadeus.  Apparently  the  next  record 
of  this  fungus  is  by  Persoon  (1799),  where  it  is  described  as  Boletus 
dryadeus.  Again  it  is  described  by  the  same  writer  in  his  Synopsis 
Pungorum  (1801),  where  Bulliard's  ftmgus  is  listed  as  a  synon3rm.  It 
is  first  named  Polyporus  dryadeus  by  Fries  (182 1),  who  describes  the 
plant  and  cites  as  synonyms  the  names  given  by  Bulliard  and  Persoon. 
Hussey  in  Illustrations  of  British  Mycology  (1849)  gives  a  fairly  good 
figure  of  the  sporophore  and  a  most  excellent  mycological  description 
cf  the  fungus,  with  its  habitat. 

Since  1849,  repeated  references  to  this  ftmgus  are  found  in  European 
mycological  literatture,  but  nothing  was  written  concerning  the  rot 
produced  by  it  in  the  oak  until  Robert  Hartig  in  his  epoch-making 
work  on  the  true  nature  of  the  rots  of  woods  (1878)  described  a  heart 
rot  of  the  oak  which  he  attributed  to  Polyporus  dryadeus,  A  careful 
study  of  Hartig's  figures  and  the  description  of  the  sporophore  which 
he  found  associated  with  the  white  heart-rot  so  accurately  described 
by  him  is  sufficient  to  convince  anyone  who  is  familiar  with  the  trtie 
P.  dryadeus  that  Hartig's  ftmgus  was  not  P.  dryadeus.  It  is  tmdoubt- 
edly  identical  with  the  heart-rotting  ftmgus  known  in  America  as  P. 
dryophilus  and  fotmd  by  Hedgcock  (1910  and  191 2)  to  be  associated  with 
a  whitish  piped  rot  in  oak. 

Polyporus  dryophilus  has  one  character,  a  hard,  grantdar,  sandstone- 
fike  core,  that  is  imique  and  not  possessed  by  any  other  pol3rpore  known 
to  the  writer.     The  sporophore  of  this  plant,  represented  by  numerotis 
q)ecimens  collected  by  Hedgcock  and  the  writer  in  western  and  south- 
western United  States,  shows  this  hard,  granular  core  exactly  as  figtu^ 
and  described  by  Hartig  in  his  article  on  P.  dryadeus.    This  core  extend 
back  some  distance  into  the  tree  in  oaks;  it  is  ustiallyirregtilarlycylindria 
while  in  the  tree,  but  on  its  emergence  from  the  tree  it  swells  into 
tuberotis  or  spheroid  mass  and  finally  occupies  the  central  and  rea 
part  of  the  sporophore.     (PI.  XXI,  fig.  i.)     If  the  sporophore  is  forme 
from  a  large  branch  hole,  it  is  tistially  of  the  applanate  t3rpe,  with 
small  core,  but  when  the  sporophore  forms  directly  on  the  body  of  th 

1  Bibfiotntphic  dtedons  In  parentheses  in  the  text  of  this  artide  refer  to  "Utcmture  dted,"  p.  t4S. 
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tree,  as  it  usually  does,  the  shape  is  tuberous,  ui^;ulate,  or  eiven  sub- 
globular  (PL  XXI,  figs.  2  and  3),  with  the  bulk  of  the  sporophore  com- 
posed of  a  hard,  granular  core.  This  core  usually  has  white  mycelial 
strands.  (PI.  XXI,  fig.  3.)  The  sporophore  of  P.  dryophilus,  therefore, 
has  normally  three  distinct  kfaids  of  structures:  (i)  The  hard,  granular 
core,  (2)  the  fibrous  layer  whidi  sturounds  this  core  except  at  the  rear, 
and  (3)  the  layer  of  tubes  on  the  lower  surface.  Specimens  are  often 
found,  however,  especially  from  the  western  part  of  the  United  States, 
in  which  this  fibrous  layer  may  be  entirely  absent  between  the  tubes 
and  the  granular  core.     (PI.  XXI,  fig.  3.) 

The  sporophore  of  Polyporus  dryadeus  never  has  this  granular  core,  but 
its  context  is  fairly  homogeneous  and  of  a  fibrous-corky  structure.  (PL 
XXI,  fig.  4.)  Another  very  important  difference  between  the  two  spe- 
cies is  the  location  of  the  sporophores  on  the  host  tree.  In  P.  dryadeus 
the  sporophores  are  always  on  the  exposed  roots  or  on  the  trunks  at  or 
very  close  to  the  ground.  The  reason  for  this  is  explained  later  in  this 
article.  In  P,  dryophUus  the  sporophores  are  highei*  on  the  trunk  of  the 
tree,  and  in  some  cases  are  on  the  branches. 

The  rot  described  and  figured  by  Hartig  is  identical  with  the  rot  pro- 
duced by  P.  dryophUus,  but  does  not  resemble  in  the  least  the  rot  pro- 
duced by  the  real  P.  dryadeus.  Since  Hartig's  time  European  mycolo- 
gists have  followed  him  in  descriptions  of  the  rot  wrongly  ascribed  to  P. 
dryadeus,  but  most  of  them  have  described  the  sporophores  of  the  true 
P.  dryadeus  both  as  to  its  character  and  location  on  the  tree — ^i.  e.,  at  the 
base  of  oaks.  For  instance,  Von  Tubeuf,  in  his  Disease  of  Plants  (1897), 
describes  fairly  well  the  sporophore  of  P.  dryadeus,  while  his  photograph 
of  the  rot  is  that  of  P.  dryophUus,  Massee,  in  his  Diseases  of  Cultivated 
Plants  and  Trees  (1910),  states  that  **  the  largest  specimens  usually  occur 
near  the  ground  line,  but  it  also  springs  from  points  where  branches  have 
died  or  been  broken  off."  The  latter  statement,  so  far  as  can  be  ascer- 
tained by  the  writer,  is  incorrect  as  to  the  location  of  the  sporophores  of 
P.  dryadeus,  but  is  correct  for  P.  dryophUus.  Massee  also  quotes  Hartig 
as  to  the  character  of  the  rot  produced. 

Polyporus  dryophUus  is  known  in  Europe  under  at  least  three  different 
names :  Polyporus  fulvus  Fries  (PI.  XXI,  fig.  5) ,  P.  friesit  Bresadola,  and  P. 
vulpinus  Fries.  (PLXXI,fig.  6.)  According  to  Lloyd  (1913),  not  only  are 
P.  fulvus  Fries  and  P.  friesii  Bresadola  synonjrms  for  P.  dryophUus,  but  the 
P.  corruscans  of  Fries  is  also  the  same  plant.*  Polyphorus  vulpinus  is  the 
name  given  to  the  form  of  P.  dryophUus  fotmd  on  species  of  Populus, 
authentic  specimens  of  which  were  seen  by  the  writer  at  the  New  York 
Botanical  Garden  in  collections  from  Finland  and  Sweden  and  also  from 

1  Since  Uiit  article  was  writtai,  the  writer,  throush  the  courtesy  of  Mr.  C.  G.  lUoyd.  has  examined  the 
spedmcns  of  Polyporus  corruscans  and  of  P.  rkeatUs  deposited  in  the  Lloyd  Herbarium  at  Cincinnati.  Ohio, 
Both  of  these  plants  as  represented  in  this  herbarium  are  Polyporus  dryophUus.  the  former  being  the  usual 
form  found  on  oak  and  the  latter  the  one  occurring  on  poplar.  According  to  Mr.  Uoyd.  the  type  of  P. 
rksadts,  found  by  him  in  Persoon's  Herbarium,  is  undoubtedly  the  plant  called  "P.  vuipmus"  by  Frici. 
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Idaine.  In  the  Cryptogamic  Herbarium  of  Harvard  University  there  is 
a  collection  on  Populus  grandideniata  Michx.  from  New  Hampshire,  while 
in  the  laboratory  of  forest  pathology  of  the  Department  of  Agricultiure  at 
Washington,  D.  C,  there  is  a  fine  collection  on  Populus  iremuloides  Michx. 
from  near  Steamboat  Springs,  Colo.  (Hedgcock,  191 3). 

This  fmigus  on  Populus  agrees  in  all  essential  characters  with  the  form 
of  Pdyporus  dryophilus  found  on  oak.  The  sporophores  are,  however, 
somewhat  smaller  than  those  usually  found  on  oak  and  approach  the 
applanate  type.  (PI.  XXI,  fig.  7.)  The  hard  granular  core  is  always 
present,  but  is  formed  between  the  sapwood  and  bark  (PL  XXI,  fig.  8), 
as  the  fungus  is  able  to  rot  the  sapwood  as  well  as  the  heart  of  this  host. 
It  therefore  does  not  have  to  depend  on  branch  holes  or  other  openings 
through  the  sapwood  in  order  to  form  its  sporophores,  as  it  does  in  the 
oak. 

Through  the  kindness  of  Von  Tubeuf  the  writer  obtained  a  European 
specimen  of  Hartig's  so-called  rot  of  Polyporus  dryadeus  in  oaks.  (PI. 
XXII,  fig.  I.)*  It  is  unquestionably  the  rot  produced  by  P.  dryophilus. 
(PI.  XXII,  fig.  3.) 

The  following  discussion  of  the  rot  caused  by  Polyporus  dryadeus 
embodies  the  results  obtained  from  extensive  field  studies  made  in 
the  forests  of  Arkansas,  eastern  Texas,  Oklahoma,  Maryland,  and 
Virginia. 

The  sporophores  of  P.  dryadeus  are  always  found  at  or  very  near 
the  ground  at  the  base  of  the  host.  This  first  suggested  to  the  writer 
that  the  fungus  might  be  a  true  root-rotting  organism.  Trees  with 
sporophores  at  their  bases  and  wind-thrown  oaks  with  and  without 
the  sporophores  attached  were  carefully  studied.  Sections  of  the 
trees  were  cut,  roots  dug  up  and  examined,  and  every  effort  made  to 
determine  exactly  the  character  of  the  rot  produced.  The  roots  and 
stools  of  20  trees  attacked  by  this  disease  were  examined,  and  sections 
of  the  various  stages  of  the  rot  were  studied. 

The  microscopic  characters  of  the  rot  from  each  tree  were  found  to 
be  identical,  although  of  the  20  trees  examined  5  were  in  Arkansas, 
3  in  Texas,  2  in  Oklahoma,  4  in  Maryland,  and  6  in  Virginia.  In  every 
instance  the  trees  were  found  to  have  a  white  rot  which  attacks  first 
the  sap  and  finally  the  heartwood  of  the  roots.  The  rot  originates  in 
the  lower  portion  of  the  roots  and  spreads  in  them  toward  the  base  of 
the  tree. 

The  first  evidence  of  the  disease  is  a  reddish  brown  discoloration  of 
the  inner  bark  and  cambium.  If  the  diseased  roots  are  exposed  in  a 
damp  chamber  at  this  stage,  white  floccose  spots  of  mycelium  will 
appear  on  the  outside  of  the  bark,  but  the  rot  has  not  yet  become 
evident  in  the  wood.     As  the  rot  progresses,  discolored,  watery,  reddish 

s  Plffnrc  z  oa  Piste  XXII  was  mftde  from  a  photocraph  of  a  piece  of  the  oricinal  type  material  uaed  by 
Bartic  in  Us  deacriptioo  of  the  rot  ol  Polyporus  dryadtm  (1878). 


Digitized  by 


Google 


242  Journal  of  Agrictdiural  Research  voli.n«.i 

brown  areas,  which  become  hazel  in  color  when  the  wood  is  dried, 
appear  on  the  surface  of  the  sapwood  and  in  its  outer  layers.  At  this 
stage  a  cross  section  of  the  root  has  a  mottled  ^>pearaace,  and  this 
discoloration  gradually  spreads  till  the  root  is  affected  to  its  center. 
The  earliest  discolored  spots  have  by  this  time  turned  white.  (PL 
XXII,  fig.  2.)  Later,  as  the  rot  ages,  espedally  in  the  latger  roots 
which  lie  near  the  surface  of  the  ground,  this  white  changes  to  a  cream 
and  finally  to  a  straw  a^r.  The  lower  portion  of  the  smaller  diseased 
roots,  those  2  inches  or  less  in  diameter,  become  completely  rotted  and 
white  throughout  before  the  advancing  rot  has  reached  the  stool  of  the 
tree.  On  these  small  rotted  roots  the  bark  separates  easily  from  the 
wood,  since  much  of  the  living  bark  has  been  destroyed.  The  bast  fibers* 
however,  remain  intact,  which  gives  the  inner  bark  a  loose,  shredded 
appearance.  The  rot  gradually  moves  up  the  roots  till  the  stod  is 
reached.  This  is  also  attacked  by  the  fungus,  but  the  rotted  area  ends 
abruptly  at  the  surface  of  the  ground. 

A  radial-longitudinal  section  of  the  rot  in  a  fresh  state  has  a  sodden, 
watery  appearance,  with  white  longitudinal  and  transverse  lines  some- 
what like  the  rot  produced  by  Polyporus  hispidus  in  oaks.  These  ndiite 
lines  or  bands  are  not  cellulose,  however,  but  are  spaces  filled  with  air 
and  the  mycelium  of  the  fungus  in  the  region  of  the  large  vessels.  When 
the  rotted  wood  is  thoroughly  dry,  these  white  lines  disappear,  and  the 
uniformly  creamy-white  rot  is  left.  The  rot  in  all  the  trees  examined 
did  not  extend  for  any  appreciable  distance  into  the  beartwood  of  the 
trunk  proper  above  the  collar  of  the  tree,  even  when  the  large,  completely 
buried  roots,  6  to  12  inches  in  diameter,  were  rotted  throughout. 

The  thoroughly  rotted  wood  when  dry  is  very  light  in  weight  and, 
superficially,  looks  and  feels  like  pith.  If  a  freshly  dug  root  in  the 
advanced  stage  of  the  rot  is  twisted,  it  will  split  into  concentric  layers  and 
also  into  longitudinal  blocks,  giving  the  broken  end  of  the  root  a  coaraCt 
fibrous  appearance.  The  lower  ends  of  the  diseased  roots  may  be  to  a 
thoroughly  rotted  condition,  easily  splitting  into  these  concentric  layers 
and  rough,  fibrous  masses,  while  that  portion  of  the  root  next  to  the 
base  of  the  tree  remains  comparatively  sound.  The  roots  of  several  of 
the  trees  overthrown  by  the  wind  were  thus  affected.  The  presence  of 
this  rot  is  often  indicated  by  irregular  white  mycelial  patches  on  the 
outside  of  the  bark  of  the  root  or  of  the  stool  of  the  tree. 

In  a  radial-longitudinal  section  through  the  heartwood  of  a  diseased 
root  the  advancing  line  of  the  rot  first  appears  as  a  watery  daik-brown 
zone  I  to  3  inches  wide.  This  dark  area  terminates  rather  abruptly  in 
the  ultimate  cream-colored  rot  on  one  side  and  in  the  sound  heartirood 
on  the  other.  A  microscopic  examination  of  the  diseased  wood  shows 
that  the  starch  and  other  cell  contents  of  the  roots  are  first  extracted; 
then  the  walls  of  the  wood  elements  are  gradually  destroyed,  especiaUj 
the  walls  of  the  tracheids  and  vessels  adjacent  to  the  large  medullary 
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rays.  The  bordered  pits  in  the  vessels  are  usually  reduced  to  long, 
elliptical  openings  running  transversely  across  the  walls,  and  the  bor- 
dered pits  of  the  tracheids  become  large,  round  holes,  which  often  coa- 
lesce, thus  splitting  the  tracheids  longitudinally.  Th&  pits  of  both 
large  and  small  medullary  rays  are  somewhat  enlarged,  while  their  radial 
and  tangential  walls  are  perforated  with  holes. 

Even  in  the  early  stages  of  the  rot,  when  the  discolored  spots  are 
beginning  to  show  in  the  sapwood  of  the  roots,  the  vessels  have  color- 
less hyphse  in  them,  while  in  the  later  stages  many  of  the  vessels  become 
fiUed  with  a  mass  of  colorless  hyphae  having  filaments  4/1  or  less  in  diam- 
eter. The  wood-parenchyma  fibers  show  enlarged  pits  and  perforated 
radial  walls,  and  the  pits  in  the  wood  fibers  are  also  enlarged.  The  walls 
of  the  medullary  rays  are  much  corroded  and  often  disappear  entirely. 

Only  very  slight  evidence  of  delignification  is  shown  by  the  chloriodid 
of  zinc  test.  After  standing  24  hours  in  this  reagent  there  is  a  slight 
cellulose  reaction  in  the  walls  of  the  vessels,  tracheids,  and  wood  fibers 
but  mme  in  the  medullary  rays.  In  making  free-hand  sections  of  the 
(fiseased  wood  the  medullary  rays  and  vessels  are  easily  ruptured,  owing 
to  the  thinning  and  weakening  of  the  walls  by  the  solvent  action  of  the 
fungus. 

The  concentric  splitting  of  the  rotted  wood  usually  occurs  in  the  zone 
of  the  larger  vessels,  which  are  weakened  by  the  corrosion  of  their  bor- 
dered pits  and  walls.  The  longitudinal  spUtting  is  caused  by  the  coa- 
lescence of  the  enlarged  bordered  pits  of  the  tracheids  and  the  thinned 
walls  of  tlie  medullary  rays.  The  discolored  areas  seen  in  the  earlier 
stages  of  the  rot  are  due  to  the  presence  in  the  cells  of  the  medullary 
rays,  wood  parenchyma  fibers,  and  sometimes  in  the  lumen  of  the  wood 
fibers  of  a  brownish  liquid,  which  disappears  before  the  white  stage  of 
the  rot  is  reached.  In  the  final  stage  of  the  rot  the  wood  is  somewhat 
spongy  in  texture  and  when  dry  is  easily  crushed  between  the  fingers. 

Old  sporophores  were  often  found  at  different  places  on  the  collar  of 
the  diseased  tree,  due  probably  to  the  gradual  rotting  of  the  roots  upward 
toward  the  stool  of  the  tree  and  the  formation  of  sporophores  whenever 
a  rotted  area  reached  the  collar  of  the  tree  or  the  under^de  of  a  root 
whose  upper  surface  was  exposed  to  the  air.  The  sporophores  are 
usually  attached  to  the  trunk  of  the  tree  at  the  surface  of  the  ground, 
but  they  were  also  found  on  the  exposed  roots  or  even  in  rare  cases  on 
the  ground,  having  been  produced  from  hyphs  issuing  through  the  soil 
from  diseased  roots  lying  a  short  distance  below.  Only  one  sporophore 
was  found  on  the  trunk  at  a  distance  above  the  collar  of  the  tree,  and  in 
this  case  two  trees  had  grown  together  at  the  butts  for  a  distance  of 
12  indies.  The  rot  had  extended  from  the  diseased  roots  upward  in  the 
Injured  sapwood  ct  the  oak  along  the  juncture  of  the  two  trunks,  and  a 
small  spofophore  had  formed  10  inches  from  the  ground. 
1707a**— 13 ^5 
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The  sporophores  when  old  and  mature  usually  have  a  hard  fibrous- 
corky  to  corky-woody  context  and  a  very  rough,  uneven,  tuberculate 
upper  surface,  owing  to  the  leaves,  twigs,  and  other  foreign  substances 
falling  on  the  .upper  surface  of  the  growing  pileus.  (PL  XXII,  fig.  4.) 
After  weathering  for  some  months,  the  color  of  the  pileus  is  a  chestnut 
brown  or  sometimes  becomes  almost  black  and  rimose.  The  old  spor- 
ophores as  a  rule  are  partially  destroyed  by  insects,  especially  the  sub- 
h3anenial  layer  and  the  adjacent  ends  of  the  pores.  Portions  of  the 
outer  pore  surface,  the  central  part  of  the  context,  and  the  base  of  the 
sporophores  usually  persist  and  can  be  fotmd  attached  to  the  bases  of 
the  diseased  trees  for  several  years  after  maturity. 

The  mouths  of  the  pores  in  the  weathered  sporophores  are  stuffed  to 
a  depth  of  0.5  to  i  millimeter  with  a  firm,  brown  mycelial  mass,  thus 
completely  hiding  all  trace  of  the  pores  from  a  surface  view.  This  stuffed 
pore  layer  becomes  hard  and  brittle  and  gradually  cracks  in  weathering 
and  peels  off  from  the  deeper  and  more  insect-eaten  portion.  Immature 
specimens  shipped  before  being  thoroughly  desiccated  have  the  tubes 
loosely  stuffed  with  a  delicate,  white  arachnoid  mycelium,  which  appears 
on  the  spore  surface  as  a  ttun  creamy  layer  about  0.5  of  a  millimeter 
thick.  This  condition  is  probably  due  to  a  growth  developed  in  the 
sporophore  while  in  transit  in  a  damp  state.  The  stuffed  mouths  at  the 
pores  in  old  weathered  sporophores  is  apparently  a  normal  state  of  old 
specimens  from  certain  sections  of  the  United  States.  However,  this 
stuffed  condition  of  the  pores  in  old  sporophores  is  not  always  present, 
as  several  specimens  both  from  America  and  Eiu-ope  were  seen  by  the 
writer  in  which  the  mouths  were  entirely  free  and  open. 

The  tubes  in  all  the  specimens  examined — ^both  American  and  Euro- 
pean— contain  characteristic  sets.  They  are  dark  chestnut  brown, 
thick  walled,  curved,  cat's  claw  to  hawk  beaked  in  shape,  giving  them  a 
somewhat  bulbous-shaped  base  when  seen  in  side  view.  They  are  7  to 
i2/£  thick  at  base,  15  to  24/i  long,  and  usually  project  10  to  20fi  beyond 
the  h3rmenial  surface  into  the  tube  cavity. 

The  sporophores  vary  greatly  in  shape  and  size,  ranging  from  9  cm. 
long,  5  cm.  wide,  and  i}4  cm.  thick  to  20  cm.  long,  15  cm.  wide,  and  10 
cm.  thick,  and  may  be  simple  or  imbricated,  depending  to  a  great  extent 
on  the  environment  and  food  supply.  In  many  of  the  thick  sporophores 
growing  from  the  collar  of  the  tree  the  pore  surface  is  borne  at  an  angle 
of  40^  to  60^  to  a  horizontal  plane.  In  the  thinner  and  broader  speci- 
mens the  pore  surface  approaches  more  nearly  the  normal  angle  of  other 
dimidiate  sporophores.  The  margin  is  very  thick  and  rotmded  in  most 
of  the  specimens.  The  cavities  left  in  the  upper  surface  of  the  pileus  by 
the  drops  of  water  which  exude  during  the  rapidly  growing  period  of 
the  sporophore  are  plainly  discernible  even  in  many  of  the  old  sporo- 
phores. The  pore  surface  extends  entirely  to  the  point  of  attachment 
to  the  substratum  even  when  the  sporophore  has  a  rotmded  substipe, 
as  is  often  the  case  when  it  forms  on  the  upper  surface  of  exposed  roots. 


Digitized  by 


Google 


Dec.  xo»  19X3  Polyporus  Dryadeus  245 

When  spon^hores  are  developed  at  the  coDar  of  trees  growing  in  sandy 
land,  the  soil  for  4  to  6  inches  wide  and  2  to  3  inches  deep  immediately 
at  the  base  of  the  sporophore  is  often  cemented  into  a  hard,  compact, 
bricklike  mass,  apparently  by  hyphse,  as  many  colorless  fmigous  threads 
were  found  ramifying  through  it. 

PdyPorus  dryadeus  has  been  fotmd  attacking  the  roots  of  Quercus 
texana  Buckl.  and  Q,  nigra  L.  in  eastern  Texas.  Some  of  the  diseased 
trees  were  dying,  while  others  were  evidently  in  poor  health.  It  has 
been  found  on  Q.  alba  L.  and  Q,  veluHna  Lam.  in  the  Ozark  National 
Forest,  of  Arkansas.  The  majority  of  the  trees  in  the  Ozarks  affected 
with  the  disease  caused  by  P.  dryadeus  were  growing  on  sandy  ridges  and 
southern  slopes  where  the  soil  was  thin  and  conditions  were  unfavorable 
to  rapid,  vigorous  growth.  Two  trees  of  Q.  minor  (Marsh)  Sarg.  were 
found  with  this  disease  in  Oklahoma;  one  was  dead  and  the  other  in 
apparently  fair  health. 

Pdyporits  dryadeus  also  occurs  in  Q.  aJba  L.,  Q.  rubra  L.,  and  Q,  prinus 
L.  in  A^ginia,  where  seven  trees  were  found  with  this  rot ;  five  were  grow- 
ing in  crowded,  unfavorable  conditions,  while  one  was  standing  at  some 
distance  from  other  trees  and  was  apparently  in  good  health.  Yet  at 
least  two  large  roots  of  this  lone  tree — a  white  oak — ^were  thorot^hly 
rotted,  while  sporophores  were  found  on  three  sides  of  the  tree,  one 
growing  from  the  top  of  an  exposed  root.  This  sporophore  was  over  i 
foot  tan  and  at  least  as  wide,  judging  from  the  old  weathered  remains. 
It  was  from  this  root  that  figure  5  of  Plate  XXII  was  taken.  Of  the 
five  crowded  trees  one  was  much  suppressed  and  would  probably  have  died 
in  a  year  or  two.  This  tree  was  dug  up,  and  studies  were  made  of  its 
roots,  stool,  and  trunk.  All  of  its  roots,  except  three  large  lateral  ones 
which  ran  near  the  surface  of  the  grotmd,  were  completely  rotted  by  P. 
dryadeus.  The  three  living  roots  were  partially  rotted  on  the  lower  side 
and  at  the  ends,  but  were  still  alive  and  strong  enough  to  hold  the  tree 
in.  the  ground.  Old  sporophores  were  found  on  all  sides  of  this  tree  at 
the  ground  Hne. 

The  trees  of  Quercus  prinus  which  were  attacked  by  this  root  rot  were 
found  by  Mr.  G.  P.  Gravatt,  of  the  OflSce  of  Investigations  in  Forest  Path- 
ology, who  made  the  following  statement  concerning  the  diseased  trees: 

Early  in  July  at  Bluemont,  Va. ,  three  small  trees  of  Quercus  prinus  were  found  which 
had  been  killed  while  in  full  leaf  and  which  from  a  distance  were  mistaken  for  chest* 
nut  trees  that  had  been  girdled  by  the  chestnut  bark  disease  (Endoikia  parasitica). 
Whitish  qx>ts  of  mycelium  were  found  on  the  bark  oi  nearly  every  root,  while  the  lower 
portions  of  the  roots  were  so  thoroughly  rotted  that  the  two  smaller  trees  were  easily 
pulled  up  by  hand.  The  two  small  trees  were  somewhat  suppressed,  but  the  largest 
(3^  inches  in  diameter)  was  situated  in  an  open  space  in  the  woods.  These  t^ee 
trees  were  about  100  yards  distant  from  each  other. 

The  writer  examined  the  rot  from  the  roots  of  these  diseased  trees  and 
found  that  it  was  caused  by  PolyPorus  dryadeus. 
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Pour  trees  of  Quercus  alba  were  found  afifected  with  this  disease  in 
Mar^and.  All  had  been  uprooted  by  the  wind,  two  very  recently,  so 
that  the  character  of  the  eailier  stages  of  the  rot  and  its  progress  in  the 
roots  was  easily  observed.  In  both  of  these  trees  the  rot  was  only  in 
the  lower  ends  of  the  roots  and  had  not  reached  the  stool  nor  formed 
sporophores.  Three  of  these  uprooted  trees  were  growing  in  dense 
stands  and  were  much  suppressed. 

Oaks  which  have  been  uprooted  by  the  wind  may  be  separated  into  two 
dasses:  (i)  Those  whose  root  system  has  been  weakened  by  insect  or 
fungous  attack  and  (a)  those  with  a  very  shallow  root  system,  due  to  the 
presence  of  impermeaUe  layers  of  rock  in  the  subsoil  or  to  the  ground- 
water being  constantly  near  the  surface  of  the  ground  (within  i  to  a  feet). 
Trees  uprooted  by  wind  owing  to  rotten  roots  have  very  little  scnl  adher- 
ing to  the  upturned  stool  of  the  tree,  as  most  of  the  roots  break  off  within 
I  to  a  feet  of  the  base  of  the  tree.  On  the  other  hand  a  tree  with  a  sound 
root  system  brings  with  it  when  uprooted  a  laige  mass  of  earth  several 
cubic  yards  in  size.  Bearing  this  in  mind  one  can  often  distinguish,  even 
at  a  distance,  wind-thrown  trees  with  sound  roots  from  those  overthrown 
on  account  of  root-rot. 

In  every  instance  where  the  sporophores  d  Polyporus  Aryadms  were 
found  on  trees  the  roots  were  diseased  with  the  same  tj^  of  loot-rot  In 
wind-thrown  trees  where  the  disease  was  not  far  enough  advanced  to  pro- 
duce sporophores  the  rot  was  identical  with  that  obtained  from  the  roots 
of  trees  which  had  sporof^ores  of  P.  dryadem.  The  rot  in  such  uprooted 
trees  evidently  began  at  some  point  on  the  lower  end  of  the  roots  and 
advanced  up  the  roots  toward  the  base  of  the  tree,  stof^ing,  however, 
when  it  readied  the  surface  of  the  ground.  Roots  lying  very  near  the 
surface  of  the  soil,  especially  large  ones  with  their  upper  surfaces  exposed 
to  the  air,  are  not  entirdy  rotted  or  even  killed  by  this  fungus.  Many 
instances  of  such  superficial  roots  were  found  in  whidi  the  part  under- 
ground was  rotted  while  the  upper  portion  remained  alive.  The  cross 
section  of  the  root  illustrated  in  Plate  XXII,  figure  6,  shows  the  txpjptr 
part  alive,  while  the  lower  and  more  deeply  buried  portion  is  rotted.  This 
root  forked  some  a  feet  from  the  tree;  one  root,  10  inches  in  diameter, 
went  down  deep  in  the  soil  and  was  thoroughly  rotten  and  dead;  the  other 
fork  was  a  to  4  inches  deep  and  was  perfectly  sound  a  feet  from  where  the 
rotted  root  jmned  it. 

The  inability  of  the  fungus  to  rot  exposed  roots  and  the  trunk  above 
the  surface  of  the  soil,  coupled  vrith  the  further  fact  that  the  sporophores 
usually  are  attached  to  what  superficially  appears  to  be  sound  wood, 
probably  explains  why  the  connection  between  this  rot  and  the  fungus 
causing  it  has  not  been  previously  noted.  Trees  in  all  stages  of  this 
disease  were  seen;  some  vrere  already  dead,  others  d)ning,  others  on  the 
decline,  while  some  showed  no  evidence  of  the  disease  until  they  were 
overthrown  by  the  wind  and  the  decayed  roots  vrere  exposed.    Some  of 
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tbe  trees  bearing  8poix>|riiores  were  apparcntiy  in  a  healthy  oonditiony 
yet  an  examination  of  the  root  system  showed  in  every  case  one  or  more 
laige  roots  completely  rotted  Two  stumps  of  Quercus  olba  were  found 
with  qx>ropbores  of  Polyporus  drycukus  springing  from  the  rotted  roots. 
In  no  instance  were  trees  which  were  attacked  by  this  fungus  found  m 
gnmps  or  even  adjacent  to  each  other  The  majority  of  the  trees  with 
this  disease  in  their  roots  were  growing  under  unfavorable  environments. 
The  boles  of  some  of  them  were  also  attacked  by  various  heart-rotting 
fungi,  while  others  were  perfectly  sound  above  the  oollar,  although  they 
bore  sporophores  of  P.  dryadeus  at  the  ground  line. 

No  rhizomorphs  of  any  kind  were  found  associated  with  this  rot, 
either  beneath  the  bark,  on  the  surface  of  the  roots,  or  ramifying  in  the 
adjacent  soil.  How  the  lower  part  of  the  smaller  roots  became  infected 
is  not  known. 

Tbe  identity  of  the  fungus  causing  this  root-rot  with  the  European 
fuagns  known  as  Polyporus  dryadei$s  may  be  questioned.  Through  the 
courtesy  of  the  officials  in  chiu^,  the  writer  was  permitted  to  examine 
an  the  American  and  European  specimens  of  P.  dryadeus  in  the  fol- 
lowing herbcuia: 

Pathdogical  and  Mycological  Collections  of  the  Department  of  Agri- 
ddture,  at  Washington,  D.  C,  Herbarium  of  the  New  York  Botaimd 
Garden,  and  the  Cryptogamic  Herbarium  of  Harvard  University. 

Authentic  specimens  of  Polyporus  dryadeus  from  America,  England, 
Frsmce,  Germany,  and  Austria  were  examined,  and  a  careful  comparison 
of  each  with  the  material  used  as  the  basis  of  this  article  showed  that  the 
American  plant  under  discussion  is  undoubtedly  identical  with  the  Euro- 
pean fungus  known  as  P.  dryadeus. 

There  are  three  collections  in  the  laboratory  of  the  Office  of  Investi- 
gations in  Forest  Pathology,  at  Washington,  D.  C,  of  a  Polyporus  on 
Tsuga  heterophylla  from  three  widely  separated  localities  in  the  State  of 
Washington.  These  specimens  were  collected  by  C.  J.  Humphrey,  of 
this  office,  and  the  legends  accompan)ning  them  indicate  that  the  sporo- 
phores were  attached  to  the  host  at  or  near  the  surface  of  the  ground 
and  that  the  plant  is  a  true  parasite  that  kills  the  trees  it  attacks. 
These  specimens  agree  in  all  essential  characters,  both  gross  and  micro- 
8oo{»c,  with  Polyporus  dryadeus,  and  although  the  writer  has  not  seen 
the  rot  produced  in  this  host,  he  believes  the  fungus  is  this  plant. 

SUMMARY 

(i)  Polyporus  dryadeus  is  a  root  parasite  of  the  oak,  producing  a  white 
sap  rot  and  a  heart  rot  in  the  roots. 

(2)  In  all  the  trees  examined  this  rot  did  not  extend  upward  into  the 
tree  as  a  true  heart  or  sap  rot  of  the  trunk,  but  was  limited  to  the  under- 
ground parts  of  the  tree. 
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iporophore  described  and  figured  by  Robert  Hartig 
yponis  dryadeus,  but  to  Polypoms  dryophilus. 
y  of  cases  only  old  or  much  suppressed  trees  or  trees 
unfavorable  conditions  were  found  attacked  by  this 

»es  not  seem  to  spread  readily  to  adjacent  trees, 
widely  distributed  both  in  America  and  in  Europe 
d  in  these  countries  throughout  the  range  of  the  oak. 
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DESCRIPTION  OF  PLATES 

I.  Fig.  z. — Polyporus  dryopkiku:  A  median-kngitadinal  aectkm  of  a 
sporophore  on  Qutrcus  alba  from  Arkansas,  showing  the  gnmular 
core  and  the  white  mycelial  lines  in  the  central  and  rear  portion. 

Fig.  2,^PolyP<frus  dryopkilus:  Side  view  of  the  ungulate  type  of  sporo- 
phore on  Qutrcus  caUf arnica  from  California. 

Fig.  3. — Polyporus  dryopkiku:  Median-kxngitadinal  section  of  the  fjo- 
hcMtty^dtwgiatop)MX^oxiQu€rcus  ^arryatuifiomQa^^ 
the  laige  granular  ooie  and  prominent  white  mycelial  lines. 

Fig.  4. — Polyporus  dryadsus:  Median-kxngitudinal  view  of  a  young 
sporophore  on  Qusrcus  Uxana  from  Texas,  showing  the  fibioits,  non- 
granular nature  of  the  context. 

Fig.  5. — Polyporus  fuhms  "Brits:  Median-kxngitudinal  view  of  a  sporo- 
phore on  Quercus  sp,  from  Sweden,  showing  the  granular  core  char- 
acteristic of  P.  dryopkilus. 

Fig.  6. — Polyporus  vulpinms:  Median-kxngitudinal  view  of  sporopboce 
on  Populus  sp.  from  Sweden,  diowing  the  granular  core  character- 
istic of  P.  dryopkilus. 

Fig.  7. — Polyporus  dryopkilus:  Fhxnt  view  of  the  applanate  type  of  a 
sporophore  on  Populus  iremuloides  from  Colorado,  showing  the  faint 
zones  on  the  pileus  where  the  hairs  have  disappeared. 

Fig.  8. — Polyporus  dryopkilus:  Median-longitudinal  view  of  sporo- 
phore on  Populus  iremuloides  from  Colorado,  showing  the  gnmular 
core  originating  between  the  sapwood  and  bark  and  extending  into 
the  center  of  the  sporophore. 
[I.  Fig.  z. — Polyporus  dryopkilus:  Radial-kmgitudinal  view  of  the  rot 
occurring  in  Quercus  sp.  from  Europe  and  said  to  be  the  rot  pro- 
duced by  P.  dryadeus. 

Fig.  a. — Polyporus  dryadeus:  Cross  section  of  a  small  root  of  Quercus 
alba  from  Maryland,  showing  the  mottled  appearance  of  the  diseased 
wood  in  the  middle  stages  of  the  rot. 

Fig.  3. — Polyporus  dryopkilus:  Radial-longitudinal  view  of  the  rot  ap- 
pearing in  Quercus  a(6a  tom  Arkansas,  showing  the  advancing  line 
of  rot  in  a  branch. 

Fig.  4. — Polyporus  dryadeus:  Upper  surface  of  a  sporophore  on  roots  of 
Quercus  texana  from  Texas,  showing  the  rough  tuberculate  pileus. 

Fig.  5. — Polyporus  dryadeus:  Rot  occurring  in  an  apparently  sound 
root  of  Quercus  alba  from  Virginia,  showing  cross  section  of  a  dis- 
eased root,  immediately  adjacent  to  the  point  of  attachment  of  a 
large  sporophore  of  P.  dryadeus,  1  foot  high  and  i  foot  wide.  Some 
sound,  living  wood  is  still  present. 

Fig.  6. — Polyporus  dryadeus:  Cross  section  of  diseased  root  of  Quercus 
alba  from  Virginia,  showing  the  nearly  sound,  living  upper  half  of 
the  root  and  the  badly  diseased  lower  half. 
(250) 
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THE  FOOT-ROT  OF  THE  SWEET  POTATO 

By  L.  L.  Hartbr, 

Pathologist,  Cotton  and  Tnuk  Disease  and  Sugar-Plant  Investigations, 

Bureau  of  Plant  Industry 

INTRODUCTION 

On  Augtist  9,  191 2,  Mr.  O.  H.  Weiss  sent  the  writer  some  diseased 
sweet-potato  {Ipomoea  batatas)  vines  from  the  vicinity  of  the  Dismal 
Swamp,  Va.,  with  a  request  for  information  regarding  the  nature  of  the 
trouble.  The  stems  for  a  short  distance  above  the  ground  were  covered 
with  black  fruiting  bodies  of  a  fungus,  and  suggested  macroscopicaHy 
the  oonidial  stage  of  Diaporihe  bataiatis,  the  cause  of  the  sweet-potato 
dry-rot.  Careftd  examination  of  the  material  showed  that  in  structure 
these  fruiting  bodies  di£Fered  from  those  of  the  dry-rot  organism,  although 
it  was  apparent  that  both  fungi  belonged  to  the  same  general  group. 
The  oiganism  was  isolated  in  pure  cultures  from  material  taken  from 
diseased  sweet-potato  stems  and  its  parasitic  habits  and  growth  in  arti- 
ficial cultures  compared  with  the  dry-rot  organism. 

On  August  22,  1912,  the  writer  visited  the  sweet-potato  fields  near  the 
Dismal  Swamp  in  order  to  observe  the  disease  tmder  natural  conditions 
and  to  ascertain  the  extent  of  the  loss.  The  disease  was  fotmd  in  prac- 
tically every  field,  causing  a  loss  of  from  10  to  50  per  cent  of  the  crop, 
and  in  exceptional  cases  even  more. 

During  August,  191 3,  the  disease  was  found  for  the  first  time  in  many 
fields  near  Cape  Charles  and  Keller,  Va.  Whether  this  is  the  first  appear- 
ance of  the  disease  in  this  part  of  the  State  is  not  known.  The  writer 
had  inspected  many  fields  in  this  section  for  several  summers  previous  to 
1913  and  never  observed  the  disease.  It  seems  likely,  therefore,  that  the 
<fi9eaise  is  either  new  to  these  places  or  has  heretofore  occurred  only  to 
a  very  limited  extent.  The  organism  was  isolated  from  specimens  col- 
lected at  both  Cape  Charles  and  Keller,  and  it  was  found  to  be  identical 
with  the  one  obtained  during  1912  and  1913  from  the  vicinity  of  the 
Dismal  Swamp. 

Inquiry  among  the  farmers  in  the  vicinity  failed  to  give  a  definite  idea 
as  to  how  long  the  disease  has  been  prevalent.  It  was  learned,  however, 
that  the  disease  has  increased  in  severity  in  the  last  few  3^ears,  and  if  not 
diecked  is  fikdy  to  prove  a  serious  handicap  to  the  growing  of  a  crop 
that  would  otherwise  be  a  profitable  industry. 

JoanHlof  AcricnltimlRepMrdi.  Vol.  i.  Nas 
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DIAGNOSIS  OF  FOOT-ROT 

The  foot-rot  organism  is  a  slow-growing  parasite,  especially  during 
the  earlier  stages  of  infection.  During  about  the  first  three  weeks  after 
inoculation,  only  a  slight  enlargement  of  the  woimd  in  all  directions  takes 
place.  About  three  weeks  seems  to  be  required  for  the  fungus  to  over 
come  the  plant  sufficiently  to  cause  any  marked  reduction  in  its  vitality 
or  vigor.  As  soon,  however,  as  the  fungus  gets  the  upper  hand,  it  de- 
velops very  rapidly  and  in  about  one  week  more  completely  girdles  and 
extends  along  the  stem  from  2  to  5  inches,  killing  the  plant  by  the  de- 
struction of  the  cortex.  At  the  end  of  about  another  week  wilting  of 
the  leaves  is  first  observed,  the  plants  beginning  to  die  soon  afterwards. 
There  is  considerable  variation  in  the  length  of  time  a  plant  will  live 
after  becoming  infected,  espedaUy  tmder  greenhouse  conditions,  some  of 
the  plants  d3dng  in  three  or  four  weeks,  while  others  may  survive  for  one 
to  four  weeks  longer.  It  is  also  interesting  to  note  in  this  connection 
that  those  plants  appearing  to  be  the  strongest  when  inoculated  are  likely 
to  be  the  first  to  succumb  to  the  disease.  An  explanation  of  this  may 
be  that  a  vigorously  growing  plant  may  stimulate  the  fungus  to  more 
rapid  development. 

The  first  sign  of  the  disease  of  inoculated  plants  is  a  blackening  of  the 
cortex  of  the  stem  at  the  point  of  inoculation.  When  inoculated  at  the 
soil  line,  the  f  tmgus  seldom  grows  more  than  half  an  inch  below  the  sur- 
face of  the  ground,  but  it  extends  up  the  stem  several  inches.  The  leaves 
near  the  point  of  inoculation  are  invaded  and  soon  turn  yellow  and  fall 
ofif.  Under  greenhouse  conditions  numerous  black  pycnidia  break 
through  the  epidermis  of  the  stem  (PI.  XXIII,  fig.  A)  along  the  black- 
ened area  about  the  time  the  foliage  begins  to  wilt.  Under  natural  con- 
ditions in  the  field,  on  the  other  hand,  the  pycnidia  form  on  the  invaded 
tissue  before  the  wilting  of  the  plant.  It  was  observed  also  that  diseased 
plants  will  survive  under  field  conditions  much  longer  than  in  pots  in 
the  greenhouse,  where  they  are  naturally  handicapped  by  artificial  con- 
ditions. Many  diseased  plants  in  the  field  with  fruiting  bodies  abund- 
antly formed  on  the  stem  are  often  sustained  by  the  roots  which  are 
thrown  out  at  the  nodes  along  the  stems,  although  the  main  stem  may 
be  nearly  destroyed  by  the  fungus.  If  not  supported  by  roots  at  the 
nodes,  the  diseased  plants  readily  succumb. 

As  a  rule,  the  disease  is  confined  to  the  stem  of  the  plant  from  the  soil 
line  to  4  or  5  inches  above  it.  However,  at  Cape  Charles,  Va.,  in  some 
of  the  low,  rather  wet  fields,  where  there  was  a  rank  vegetative  growth, 
vines  were  found  diseased  several  feet  from  the  hill.  In  such  cases  in- 
fection evidently  took  place  at  the  node  and  spread  in  each  directk>n 
(PI.  XXIV),  the  vine  on  each  side  of  the  diseased  area  remaining  healthy. 
The  organism  isolated  from  pycnidia  on  such  diseased  spots  was  identical 
with  the  one  obtained  from  the  stem. 
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CAUSE  OP  THE  FOOT-ROT 

The  organism  causing  the  foot-rot  of  the  sweet  potato  has  been  de- 
scribed as  Plenodamtis  destruens,^  It  has  also  been  pointed  out  that  the 
fungus  does  not  fit  well  into  this  genus  or  into  any  of  the  present-known 
genera.  At  the  time,  however,  it  was  thought  better  to  describe  it  as  a 
new  species  of  the  genus  Plenodonius  rather  than  to  create  a  new  genus 
in  a  group  where  there  are  already  a  great  many  genera.  It  is  probable 
that  this  organism  is  the  conidial  stage  of  an  ascomycete  which  will 
eventually  be  discovered,  and  in  view  of  that  fact  its  generic  position 
can  only  be  temporary.  It  falls  naturally  in  the  order  Sphaeropsidales 
and  is  more  closely  related  to  Phoma,  Phomopsis,  and  Phyllostycta  than 
to  any  of  the  other  genera  in  the  order. 

The  diagnosb  of  the  genus  Plenodomus  as  found  in  Saccardo's  Sylloge 
Fungorum  is  somewhat  brief.  In  191 1  Diedicke  *  worked  over  this  genus, 
describing  it  more  fully  and  pointing  out  the  characteristics  which  distin- 
guish it  from  Phomopsis,  the  genus  with  which  it  is  most  likely  to  be  con- 
fused. 

Since  it  is  quite  evident  that  the  foot-rot  fungus  is  not  a  Phoma, 
differing  from  that  genus  (i)  in  having  more  irregularly  shaped  pycnidia 
(PI.  XXV,  B)  and  (2)  m  having  a  well-defined  beak  (PI.  XXV,  A),  atten- 
tion will  be  given  only  to  the  characteristics  which  distinguish  the  foot-rot 
organism  from  Phomopsis,  the  conidial  stage  of  the  sweet-potato  dry-rot. 

According  to  Diedicke,  Plenodomus  is  characterized  by  having  only 
two  walls  composing  the  pycnidium — a  dark  outer  wall  and  a  hyaline 
one  within.  The  outer  wall  completely  surrounds  the  pycnidium  and  is 
of  uniform  thickness  at  the  top  and  base.  The  inner  hyaline  layer  is 
composed  of  several  layers  of  cells  and  is  somewhat  thicker  than  the 
outer  wall.  The  conidiophores  are  short,  fragile,  and  inconspicuous. 
The  spores  are  rounded  at  both  ends.* 

On  the  other  hand,  the  pycnidium  of  Phomopsis,  according  to  the 
same  author,  is  cqjtnposed  of  four  walls.  The  upper  portion  of  the 
pycnidium,  especially  about  the  beak,  is  composed  of  thick  black  cells. 
The  dark  color  of  this  layer  of  cells  becomes  less  conspicuous  in  the 
lower  portion  and  practically  disappears  at  the  base  of  the  pycnidium. 
Phomopsis  is  further  characterized  by  the  development  of  a  stroma  and 
diambering  of  the  pycnidium.  The  conidiophores  are  long,  conspicu- 
ous, and  awl-shaped,  and  the  spores  are  spindle-shaped.  Because  of 
the  variation  in  the  shape  of  the  spores  this  latter  character  is  of  less 
importance  than  some  of  the  others  in  separating  the  genus  from  Pleno- 
domus.   Stylospores  are  found  in  some  species  of  Phomopsis. 

*  Bftitcr,  I*.  L.   Fbot  rot,  a  new  diif  ir  oi  tht  tweet  potato.    Phytopftthology,  v.  3,  no.  4,  m  ur^4S» 

*  Biedkke.  H.    Die  Gatttmg  Plfnodonwn  Pretttt.    Aim.  M700L.  Jahrg.  9.  No.  9,  p.  X37*MX*  pL  8*  >9tt* 

*  Tfab  kst  dMWActcr  it  perlMpt  of  the  IcMt  importanoe.  tinoe  it  it  wdl  known  that  the  tporct  Tarjr 
greatly  wiUiin  the  fenut  and  ercn  in  the  tame  tpedct.    In  fact,  the  tporct  of  tome  tpedct  of  rhomoptii 
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It  will  be  seen,  therefore,  that  the  following  characteristics  belonging 
to  the  dry-rot  fungus  are  not  found  in  the  foot-rot  organism :  (i)  Stroma; 
(2)  chambering  of  the  pycnidium;  (3)  conidiophores  conspicuously  long 
and  awl-shaped;  and  (4)  long,  filiform,  hook-shaped  stylospores. 

What  is  believed  to  be  even  more  significant  than  the  differences  in 
morphological  characters  between  these  two  organisms  is  the  difference 
in  parasitic  habits  and  growth  in  artificial  culttures.  It  has  been  pointed 
out  in  a  previous  bulletin^  that  the  dry-rot  fungus  does  not  kill  the 
plant  but  lives  in  app€u:ent  harmony  with  it  without  injury.  The 
pycnidia  appear  on  the  stem  only  after  the  plant  has  been  lifted  and 
kept  in  a  damp  chamber  for  10  days  or  2  weeks,  this  being  the  first 
evidence  that  the  plant  was  infected.  The  organism  occurs  on  the 
petioles  and  leaves  of  dead  plants  and  often  develops  on  apparently 
sound  roots  after  a  period  of  time  in  storage.  Stylospores  are  frequently 
fotmd  on  the  roots  and  stems. 

The  foot-rot  disease,  on  the  other  hand,  kills  the  plant  in  three  to 
eight  weeks  after  infection  by  the  destruction  of  the  cortex  of  the  stem 
for  several  inches  above  and  a  little  distance  bdow  the  surface  of  the 
soil.  Pycnidia  are  formed  on  the  diseased  portion  of  the  stem  about 
the  time  the  foliage  b^^  to  wilt  (PI.  XXVI,  fig.  A),  and  under  field 
conditions  even  earlier. 

The  growth  of  the  organism  on  several  kinds  of  the  commonly  used 
artificial  media  and  especially  on  synthetic  agar '  and  oa  com  meal '  fur- 
nishes additional  means  of  distinguishing  the  two  diseases. 

On  synthetic  agar  the  foot-rot  fungus  grows  slowly  and  under  normal 
conditions  forms  a  very  compact  growth,  at  first  irr^;ular  in  outline  with 
a  slightly  darker  center,  attaining  a  diameter  of  not  more  than  2  or  3  mm. 
at  the  end  of  a  week  or  10  days.  (PI.  XXVII,  fig.  B.)  On  the  same 
culture  medium  the  dry-rot  fungus  grows  much  faster,  forming  a  loose, 
flaky  growth  of  uniformly  white  hyphad  having  an  irregular  outline. 
(See  PI.  XXVII,  fig.  A.)  The  growth  of  the  dry-rot  fimgus  is  so  loose 
and  inconspicuous  that  it  is  scarcely  visible  tmtil  it  has  attained  a  diam- 
eter of  2  or  3  mm. 

iHtftcr.  ]:*.I,..«iidItdd.  BthdC.  A  dry  rot  of  tweet  potatoes  cawed  by  Diaporthe  b«totaCl«.  U.  & 
Dcpt.  of  Agr.,  Bnr.  Plant  Indus.,  BoL  081,38  p., 4  pL,  19x3. 

*  Synthetic  agar  is  prepared  as  follows: 

GCSBM. 

Distilled  water x,ooo 

Dextrose aoo 

Peptone  (Whte's) to 

lAnm^^iiiftti  nitxate 10 

Potassium  nxtiate S 

ICagncsiam  sulphate ».  5 

Cskium  cfalorid o.x 

Agar  agar ao 

Place  the  water  in  the  besker  first;  then  add  other  ingredients  in  the  order  given.  Stir  and  let  stsod 
till  the  agar  agar  is  moist.  Steam  xhour.  Tube  with  constant  stixiing.  PtngandautodaveforxsiBintttes 
at  xxo*  C    Agar  of  high  parity  only  should  be  wed. 

*  Corn-meal  flasks  are  prepared  as  follows:  Place  5  grams  of  com  meal  in  a  xoocc  flask.  Add45C.c<i' 
distilled  water  and  stesm  for  15  minntes.    Plug  and  autodave  at  xx  pounds  pressure  for  ao  minutes. 
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On  com  meal  the  dry-rot  organism  forms  a  black  str(»na  composed  of 
several  pycnidia  with  long  exserted  beaks.  The  stroma  is  K  to  i  or  more 
nun.  in  diameter  and  is  preceded  by  a  profuse  growth  of  mycelia.  The 
foot-rot  organism,  on  the  other  hand,  forms  no  stroma  on  com  meal. 
The  pycnidia  stand  separately  and  are  very  numerous,  while  the  mycelial 
growth  is  slight  and  inconspicuous.  The  pycnidia  f dlow  closely  after  the 
growth  of  h3rph£,  the  pycnidial  zone  increasing  with  the  increase  in 
diameter  of  the  mycelial  growth.  Spores  are  exuded  in  great  quantities, 
fcmning  a  yellowish  transparent  liquid  over  the  surface  of  the  medium. 

ISOLATION  OP  THE  FUNGUS 

Pure  cultures  of  the  foot-rot  organism  were  particulariy  easy  to  secure 
by  the  poured-plate  method.  Stems  on  which  the  pycnidia  were  present 
were  thoroughly  washed  in  hydrant  water  or,  preferably,  disinfected  with 
mercuric  chlorid  for  about  40  seconds  and  then  rinsed  in  sterile  water.  A 
few  of  the  pycnidia  were  then  macerated  in  a  watch  glass  in  sterile  water 
and  one  or  two  loopf uls  transferred  to  tubes  of  synthetic  agar  and  plates 
poured.  The  fungus  grows  very  slowly  on  agars,  particulariy  on  S3m- 
thetic  agar.  The  colonies  are  not  visible  in  the  plates  for  three  izys  and 
often  not  until  five  or  six  AAys  after  they  are  made.  Because  of  the  char- 
acteristic growth  on  synthetic  agar  the  organism  can  easily  be  picked  out 
from  other  fungi  when  the  appearance  of  the  cdony  is  once  known. 

DESCRIPTION  OP  THE  PUNGUS 

Mycelium. — The  appearance  of  the  mycelium  varies  so  markedly  on 
different  culture  media  and  according  to  the  age  of  the  culture  that  it 
would  be  difficult  to  give  a  simple,  diaracteristic,  general  description.  In 
young  cultures  and  for  the  most  part  in  old  cultures  it  is  nearly  always 
hyaline,  although  occasionally  browned  hyphse  may  be  found.  Oil  glob- 
ufcs  are  found  in  the  mycelia  at  all  ages  (PI.  XXV,  Q.  Hyaline,  spherical 
and  oval,  thick-walled  bodies  8  to  i3/£  in  diameter,  generally  filled  with  oil 
globules,  intercalated  or,  rarely,  terminally,  in  chains  or  singly  (PI.  XXV, 
D) ,  occur  in  most  media  and  at  nearly  all  ages.  Browned  bodies  morpho- 
logically similar  to  the  hyaline  ones  but  occurring  mostly  at  the  end  of  the 
hyphse  (PL  XXV,  E)  are  frequently  found  in  older  cultures.  In  7-months- 
kAA  corn-meal  cultures  which  were  quite  well  dried  out  the  brown  bodies 
were  abundant,  especially  where  the  media  came  in  contact  with  the  glass. 
In  these  cultures  the  hyaline  forms  were  few.  In  4-months-old  cultures 
of  string  beans  brown  and  hyaline  bodies  and  brown  hyphdt  were  present. 
The  brown  hy^hat  were  filled  with  numerous  beadlike  swellings.  On  the 
other  hand,  in  a  rice  culture  of  the  same  age  only  h3raline  hyfltist  and 
hyaline  spherical  or  oval  bodies  were  fotmd. 

PycNii»A. — ^The  pycnidia  are  at  first  buried^  but  later  break  through 
the  epidermis,  appearing  as  black  dots  scattered  over  the  surface.  They 
stand  ckee  together  on  the  stem  and  foots»  but  they  are  not  confluent 
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or  only  rarely  80.  (PI.  XXIII,  fig.  A.)  They  are  irregular  in  form  and 
vary  greatly  in  size,  averaging  about  300/4  through  their  greatest  diam- 
eter. 

In  cross  section  the  p3^cnidia  from  the  stem  and  roots  show  somewhat 
different  structures.  From  either  source  they  are  completely  incdosed 
by  a  dark,  almost  black,  outer  wall  (PI.  XXV,  A  and  B). 

The  pycnidia  on  the  roots  have  a  well-defined  inner  hyaline  layer 
almost  equal  in  thickness  to  the  outer  wall  (PI.  XXV,  A),  On  the  stem 
the  dark  wall  is  more  conspicuous,  being  better  developed  than  on  the 
root,  and  the  inner  hyaline  layer  is  completely  lacking  (PI.  XXV,  B). 

The  basidia  are  short,  fragile,  somewhat  inconspicuous,  and  arise  from 
the  inner  hyaline  layer  or  from  the  dark  wall  in  pycnidia  where  the  hya- 
line layer  is  absent.    They  are  6  to  i3/£  in  length  and  very  narrow. 

The  spores  are  discharged  through  a  beak  var3ang  somewhat  in  length, 
which  may  arise  from  any  part  of  the  upper  surface  of  the  pycnidiunL 
In  old  dried  specimens  the  upper  portion  ci  the  pycnidium  may  fall 
away. 

Pycnosporbs. — The  pycnospores  are  oblong,  rounded  at  both  ends, 
6.8  to  io.o/£  long  by  3.4  to  4.i/£  wide,  with  two  large  oil  droplets.  They 
are  hyaline,  i -celled,  and  sometimes  sHghtly  curved  (PL  XXV,  F), 

In  the  same  pycnidium  on  the  host  and  occasionally  on  rice  and  on 
sweet-potato-stem  cultures  are  found  in  addition  to  the  pycnospores  hya- 
line curved  or  straight  bodies  6  to  i5jm  in  length.  These  bodies  are 
somewhat  cylindrical  in  shape  and  rounded  or  tapering  at  the  ends  (PI. 
XXV,  G).  The  function  of  these  bodies  is  not  known.  Several  attempts 
have  been  made  to  germinate  them,  and  while  there  have  been  some  rea- 
sons to  believe  that  a  germ  tube  was  developed,  this  point  was  not  defi- 
nitely settled.  These  bodies  were  formed  so  sparingly  in  artificial  media 
that  it  was  necessary  to  use  those  from  the  host  in  order  to  test  their 
germination  in  hanging-drop  cultures  in  Van  Tieghem  cells.  Because 
of  the  difl&culty  in  sterilizing  this  material,  bacteria  completely  overran 
the  cultures  in  about  24  hours,  thus  terminating  the  experiment. 

PARASITISM  OF  THE  ORGANISM 
INOCULATION   EXPERIMENTS 

The  details  of  inoculations  with  Plenodomus  are  found  in  the  following 
pages.  For  convenience,  the  experiments  are  numbered  and  arranged 
according  to  dates  of  inoculation  and  under  the  heading  to  which  they 
belong.  The.  organisms  used  to  make  the  inoculations  are  also  desig- 
nated by  numbers.* 

1  For  oonvenience  and  retdy  reference,  acpiate  numbcn  (xoo,  zox.  xoa,  xoS,  and  xio)  were  siyen  Co  tbc 
different  isolations  where  they  or  subcultures  from  them  were  used  for  ixioculatioiis.  No.  loo  wss 
given  the  organism  obtained  from  specimens  sent  the  writer  Aug.  9.  X9xa,  and  No.  xox  fram  spcdmens 
collected  Aug.  aa  from  the  same  locality.  The  other  mnnbers  used,  xoa,  xoS,  and  xxo.  were  given  to  the 
organism  reisolated  from  inoculated  plants.  A  new  number  was  given  the  fungus  only  when  it  was  the 
source  from' whidi  other  plants  were  to  be  inoculated.  However,  it  should  be  kept  in  mind  Uiat  these 
different  numbers  represent  only  different  isolations  of  the  same  organism  (PUnodowius  destnuusX 


Digitized  by 


Google 


!>«.  lo.  1913  Fooi'Roi  of  the  Sweet  Potato  257 

Most  of  the  inoculations  were  made  in  the  greenhouse,  principally 
because  they  were  performed  in  the  winter.  One  set,  however,  which 
was  conducted  in  the  field,  gave  results  so  similar  to  those  in  the  green- 
house that  it  was  not  possible  to  distinguish  between  them  in  any  essen- 
tial details.  The  plants  for  inoculation  were  obtained  from  sound  pota- 
toes carefully  selected  for  the  purpose.  They  were  grown  in  pots  of 
sterilized  soil  and  kept  far  enough  apart  to  prevent  accidental  infection 
from  watering  and  overlapping  of  the  vines.  Only  strong,  vigorously 
growing  plants  were  inoculated,  all  others  being  thrown  out.  That 
there  was  probably  no  accidental  infection  is  shown  by  the  fact  that 
not  a  single  check  in  the  whole  series  of  inoculations  became  diseased. 

Inoculations  in  the  Fibld 

ExPBRiMSNT  No.  z. — On  August  a6,  10  sweet-potato  plants,  the  vines  being  about 
3  feet  long,  were  inoculated  '  on  the  Potomac  Flats  near  Washington,  D.  C,  by  insert- 
ing pycnospores  and  hyphse  of  organism  No.  loa  (culture  No.  i  of  Aug.  15)  into  the 
lower  part  of  the  stem.    Ten  plants  pricked  with  a  sterile  needle  were  used  as  checks. 

Results. — On  September  18  all  the  inoculated  plants  were  infected,'  the  plants 
turning  yellow,  and  the  lower  leaves  dropping  off.  The  periphery  of  the  stem  for  3 
to  5  inches  above  the  ground  was  black,  and  pycnidia  were  abundantly  formed  thereon. 
The  steins  were  blackened  throughout,  but  attempts  to  isolate  the  fungus  from  the 
fibio-vascular  bundles  gave  negative  results.  None  of  the  checks  were  diseased .  The 
infected  plants  were  all  lifted  on  October  10,  taken  to  the  laboratory,  and  examined. 
Pycnidia  were  present  on  all.  On  October  12  culttu-es  were  made  from  seven  of  these 
plants,  and  the  organism  recovered  '  in  each  case. 

Inoculations  in  thb  Grbsnhousb 

BxPBsmBNT  No.  3. — On  August  36,  191a,  10  young  sweet-potato  plants  in  pots 
were  inoculated  with  organism  No.  100  (culture  No.  8  of  Aug.  15)  by  inserting 
pycno^x>res  and  hyphs  into  the  stem  at  the  soil  line.  Five  plants  pricked  with  a 
sterile  needle  were  left  as  checks. 

Results. — On  September  16  four  plants,  on  November  14  one,  and  on  November 
25  three,  or  a  total  of  eight  plants,  were  infected.  None  of  the  checks  were  diseased. 
I^qnidia  were  formed  on  all  the  diseased  plants  and  the  organism  recovered  from 
three.    The  experiment  was  terminated  December  a,  191a. 

Experiment  No.  3. — On  November  13  ten  young  sweet-potato  plants  in  pots  were 
inoculated  as  in  experiment  No.  3  with  organism  No.  loz  (culture  No.  9  of  Oct.  31). 
Six  plants  pricked  with  a  sterile  needle  were  left  as  checks. 

Results. — On  December  14  one  plant,  on  December  18  three,  on  December  21  one, 
on  December  36  one,  on  December  30  two,  and  on  January  10  two,  or  a  total  of  ten 
plants,  were  infected.  Pycnidia  were  present  on  eight  plants  when  lifted  and  devel- 
oped on  the  other  two  after  two  days  in  a  moist  chamber.  All  the  checks  remained 
healthy.    The  experiment  was  terminated  January  17,  1913. 

1  AD  inocnlatkni  recorded  in  this  artkfe,  vnless  otberwiBe  stated,  have  been  made  from  cultures  grown 
00  sterile  m5?kf*iM*f  com  meal  and  only  when  spores  were  exuding  from  the  pycnidia. 

s  By  "infected"  is  to  be  understood  the  stage  when  the  plant  began  to  wilt  and  die.  It  was  generally 
qnite  erident  some  dajrs  earfier  that  the  plants  were  infected,  although  they  were  not  so  recorded  until 


*  No  attempt  has  been  made  to  recover  the  organism  from  all  diseased  plants.  Occasioaally,  however. 
the  fmgtts  was  recovered  from  infected  pbmts  in  order  to  compare  it  with  the  original  strain,  or  for  tht 
porpooe  of  inoculating  it  hito  other  pknts. 
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Expbrucbnts  Nos.  4, 5, 6,  and  7. — On  November  x8  four  sets  of  inocuJatkms  were 
made  of  zo  plants  each  (40  plants  in  all)  with  organism  No.  loi  (culture  No.  8  of  Oct 
31),  as  follows:  (No.  4)  By  smearing  pycnospores  on  the  leaves  and  graying  tlie 
foliage  with  spores  suspended  in  sterile  water  and  covering  the  plants  with  beU  jan 
for  34  hours,  (No.  5)  by  smearii^  pycnospores  on  the  base  of  the  stem,  (No.  6)  by  pour- 
ing pycnospores  suspended  in  sterile  water  about  the  plants,  and  (No.  7)  by  instft- 
ing  pycnoqx>re8  and  hyphe  into  the  base  of  the  stem .    Six  plants  were  left  as  checks. 

Results. — (No.  4)  No  infection.  (No.  5)  On  December  30  one  plant,  on  January 
8  one,  on  January  13  two,  on  January  15  one,  on  January  23  one,  and  on  January 
30  one,  or  a  total  of  seven  plants,  were  infected.  Pycnidia  were  abundant  on  all 
when  lifted.  (No.  6)  On  December  26  one  plant,  on  December  30  one,  on  Jamutfy 
4  tipo,  on  January  6  one,  on  January  10  one,  and  on  January  13  one,  or  a  total  of  sevea 
plants,  were  infected.  The  infected  plants  were  lifted  on  January  24  and  pycnidia 
were  present  on  all.  (No.  7)  On  December  21  two  plants,  on  December  26  one,  on 
December  28  two,  on  January  6  one,  on  January  1 1  one,  on  January  13  one,  on  January 
14  one,  and  on  January  17  one,  a  total  of  ten  plants,  or  all  of  those  inoculated,  were 
infected.  Pycnidia  were  present  on  nine  of  these  plants  when  lifted  and  developed 
on  the  other  one  after  three  days  in  a  moist  chamber.  None  of  the  checks  were 
diseased.    The  experiment  was  terminated  on  February  27. 

ExPBRiMSNT  No.  8. — On  December  9  six  5-weeksold  sweet-potato  plants  in  pots 
were  sprayed  with  pycnospores  and  hyphae  of  organism  No.  loi  (culture  No.  i  of  Nov. 
12)  suspended  in  sterile  water.  The  plants  were  covered  with  bell  jars  and  shaded 
with  paper  for  24  hours.    Six  plants  were  left  as  checks. 

Results. — ^No  infection.    The  experiment  was  terminated  February  27,  1913. 

ExPSRDCBNT  No.  9. — On  December  28  eight  4-months-old  sweet-potato  plants 
grown  in  pots  were  inoculated  by  inserting  pycno^x>res  and  hyplue  of  organism  No. 
100  (culture  No.  2  of  Dec.  10)  into  the  base  of  the  stem.  Six  plants  pricked  with  a 
sterile  needle  were  left  as  checks. 

Results. — On  January  23  one  plant,  on  February  4  one,  on  February  7  three,  and 
on  March  8  one,  or  a  total  of  six  plants,  were  infected.  The  checks  remained  healtliy. 
Pycnidia  were  present  on  all  the  infected  plants  when  lifted.  The  ofganism  was 
recovered  from  two  of  the  infected  plants.  The  experiment  was  terminated  March  37. 

Only  3romig  plants  were  used  in  the  first  eight  experiments.  Experiment  No.  9 
was  made  with  old  plants  (as  compared  with  those  used  in  experiment  No.  8)  for  the 
purpose  of  determining  whether  they  were  as  susceptible  as  young  ones  to  the  foot  lot 
The  results  indicate  that  they  are. 

ExpSKDfSNT  No.  10. — On  January  23,  19x3,  six  sweet-potato  plants  (three  old  and 
three  3roung)  grown  in  pots  were  grayed  with  pycnoqx>res  of  organism  No.  xoo 
(culture  No.  3  of  Dec.  28)  suspended  in  sterile  water.  All  the  plants  were  making 
a  good  growth.  As  soon  as  the  plants  were  q>rayed,  they  were  covered  with  bell  jars 
and  manila  paper  for  48  hours.    Six  plants  were  left  as  checks. 

Results. — ^Ndoe  of  the  plants  were  infected.  The  experiment  was  termmated 
March  27, 19x3. 

ExPBRiMBifTS  Nos.  iz  and  12. — On  January  27  ten  young  plants,  each  of  Ipomtm 
pwrpuT€a  (L.)  Roth,  and  IpomoM  kederacea  Jacq.  were  inoculated  with  ocganism  No. 
zoo  (culture  No.  4  of  Dec.  28).    Seven  plants  were  left  as  checks. 

Results. — ^No  infection. 

ExPBRncBNT  No.  13.— On  December  2  fiy^  young  plants  of  Ipomota  coodnM  L 
in  pots  were  inoculated  at  the  base  of  the  stem  with  ocganism  No.  loi  (culture  N6.  t 
of  Nov.  x2).    Five  plants  were  left  as  checks. 

Results. — On  February  28,  1913,  three  plants  were  infected.  The  oiganism  fiom 
two  of  the  plants  was  recovered  by  pouring  plates  from  the  p3^c&tdia  and  ffom  the 
third  plant  by  planting  bits  of  diseased  tissue  in  plates  of  synthetic  agar. 
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None  ol  the  checks  became  diseased.  The  experiment  was  tenmnated  Febnxary 
•8, 19x3. 

BxpSKiMBNT  No.  14. — On  May  9  seven  sweet-potato  plants  in  pots  in  the  green- 
hotise  were  inornlated  by  inserting  the  hyphg  (no  pycn^ia  in  the  ctdture)ol^^ 
No.  loi  (culture  No.  a  o(  May  5)  iato  the  lower  part  of  the  stem.    Six  pkmts  were  left 
as  checks. 

Results.— On  May  31  six  plants,  and  on  June  4  oue,  or  a  total  of  seven  plants,  were 
infected.  None  ctf  the  checks  were  diseased.  When  the  experimeut  was  terminated 
on  June  5,  pycnidia  were  abundant  on  the  stems  of  all  diseased  plants. 

BxPBKiMBNT  No.  15.— On  September  3  six  sweet-potato  plants  in  pots  in  the 
greenhouse  were  inoculated  by  insertii^;  spatts  and  hyphse  of  (^anism  No.  zoz  (cul- 
ture No.  13  of  Aug.  14)  into  the  vine  at  the  node  3  to  4  feet  from  the  hill.  Five  other 
vines  were  wounded  with  a  sterile  needle  and  left  as  checks. 

Results. — On  September  35  five  of  the  vines  were  infected  at  the  point  of  inoctdation. 
The  ofganism  had  spread  2  inches  or  more  each  way  from  the  point  of  inoculation. 
None  of  the  checks  were  diseased.    The  experiment  was  terminated  October  5, 19x3. 

ExPBKiMBNT  No.  z6. — On  September  3  five  sweet-potato  plants  in  pots  in  the  green- 
house were  inoculated  by  inserting  spores  and  hyphse  of  oiganism  No.  zo8  (culture 
No.  17  of  Aug.  18)  into  a  vine  at  the  node  3  to  4  feet  from  the  hill.  The  checks  were 
the  same  as  those  used  in  experiment  No.  15. 

Results. — On  September  25  all  the  vines  were  infected  at  the  point  of  inoculation, 
the  Ofganism  spreading  as  in  experiment  No.  15.  The  experiment  was  terminated 
October  5,  1913. 

INOCULATIONS  VROM  R8ISOLATIONS 

BxpsmiSNT  No.  17. — On  October  5  twelve  young  sweet-potato  plants  in  pots  were 
inoculated  by  inserting  pycno^xxes  and  hyphse  of  ocganism  No.  loa '  (culture  No.  2 
of  Sept  35)  into  the  lower  part  of  the  stem.  Ten  plants  pricked  with  a  sterile  needle 
Here  left  as  checks. 

Results. — On  November  5  ^y^  plants,  on  November  11  one,  <m  November  13  one, 
on  November  15  one,  on  November  25  one,  and  on  December  9  three,  or  a  total 
of  an  13  plants,  were  infected.  None  of  the  diecks  were  infected.  Pycnidia  were 
found  on  ten  of  these  plants  when  lifted  and  developed  on  the  other  two  after  three 
days  in  a  moist  chamber.  The  organism  was  recovered  in  pure  cultures  from  seven 
plants.    The  experiment  was  terminated  on  December  9,  1913. 

BxTBUMSNT  No.  18. — On  January  23  eight  young  sweet-potato  plants  in  pots  were 
boculated  by  inserting  pycno^x>res  and  hyphs  of  organism  No.  zo8*  (culture  No.  3 
of  Jan.  11)  into  the  lower  part  of  the  stem.    Six  plants  were  left  as  checks. 

Results. — On  February  38  one  plant,  on  March  8  two,  on  March  13  four,  and  on 
March  38  one ,  or  a  total  of  eight  plants,  were  infected.  Pycnidia  were  present  on  seven 
of  the  diseased  plants  when  lifted  and  developed  on  the  other  one  after  10  days  in  a 
moist  chamber.    None  of  the  checks  were  diseased.    Experiment  terminated  Mareh 

HxPBKiMBNT  No.  19. — On  February  19  ten  young  sweet-potato  plants  in  pots  were 
inoculated  by  inserting  pycnospores  and  hyphse  of  organism  No.  108  (culture  No.  3  of 
Jan.  11)  into  the  stem.    Seven  plants  were  left  as  checks. 

Results. — On  March  31  four  plants,  on  March  34  one,  on  March  31  one,  on  April  4 
one,  on  April  x8  one,  and  on  April  36  one,  or  a  total  of  nine  plants,  were  infected. 

*Tlie orcuian  fecpvcwd  inm  pknts  inocuktcd  in  the  gnenhonie  on  Atif.  96  with  No.  xoo  is  knoim 
wNaxM. 

*  When  thc  piantfl,  Jnortilttfd  on  the  Potomac  Plats  on  Aug.  36,  1919,  were  due.  they  were  pkced 
vith  the  foots  attached  in  moist  diambcn  in  the  laboratory.  After  several  weeks  the  fungus  grew  from 
the  ttcm  into  tlie  roots  (PL  XXni,  B),  from  which  it  was  recovered.  This  organism  was  numbered  "xoS." 
17073^—13 6 
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Pycnidia  were  abundant  on  eight  of  the  diseased  plants  when  lifted  on  April  33.  The 
one  remaining  diseased  plant  was  lifted  on  April  36,  and  pycnidia  were  then  ptesent 
The  experiment  was  terminated  April  36,  1913. 

ExPBRiMENT  No.  30. — On  March  13  six  young  sweet-potato  plants  were  inoculated 
by  inserting  sports  and  hyphse  into  the  lower  part  of  the  stem  with  oiganism  No.  no  * 
(culture  No.  3  of  Mar.  5).    Five  plants  were  left  as  checks. 

Results. — On  April  18  two  plants,  on  April  32  two,  and  <mi  April  33  one,  or  a  totid 
of  five  plants,  were  infected.  The  diseased  plants  were  lifted  on  April  36,  and  pyc- 
nidia were  present  on  all.  None  of  the  check  plants  were  diseased.  The  experiment 
was  terminated  April  36,  19x3. 

Inoculations  in  trs  Laboxatokt 

BxPBiuicBNT  No.  31. — On  November  18  eight  mature  sweet  potatoes  (not  plants) 
were  inoculated  by  inserting  pycno^x>res  and  hyphse  of  organism  No.  loi  (culture 
No.  8  of  Oct.  31)  into  the  end  of  the  potatoes.  They  were  placed  in  cloth  bags  and 
stored  in  the  laboratory.  Pour  potatoes  pricked  with  a  sterile  needle  were  used  as 
checks. 

Results. — No  infection.    The  experiment  was  terminated  January  31, 19x3. 

EzPSRiMBNT  No.  33. — On  April  4,  X9X3,  six  sound  sweet  potatoes  were  prepared 
for  inoculation  by  cutting  away  the  ends  of  each  so  as  to  leave  nothing  but  healthy 
tissue.  They  were  then  thoroughly  washed  and  disinfected  by  treating  with  mer- 
curic chlorid  (x:i,ooo)  for  five  minutes.  They  were  afterwards  rinsed  in  sterile 
water  and  placed  in  a  moist  chamber  on  filter  paper  disinfected  with  corrosive  sub- 
limate. Three  of  the  potatoes  were  inoculated  at  the  end  and  three  at  the  side  by 
inserting  spores  and  h3^hse  of  organism  No.  xo8  (culture  No.  i  of  Mar.  8).  Four 
other  potatoes  pricked  with  a  sterile  needle  were  used  as  checks. 

Results. — On  April  15  no  signs  of  decay  had  started  at  the  point  of  inoculatko. 
The  filter  paper  appeared  a  little  dry,  and  sterile  water  was  added.  After  April  15 
the  rot  developed  and  progressed  rapidly  in  all  the  potatoes  from  the  point  of  inocula- 
tion until  by  May  i  one  potato  was  ocMnpletely  decayed  and  the  others  about  one-third. 
Plate  XXVIII,  figure  A,  shows  a  sweet  potato  inoculated  at  the  end  and  figure  C, 
one  inoculated  at  the  side.  Figures  B  and  D  are  sections  of  figures  A  and  C,  Tespco 
tively,  showing  the  extent  of  the  rot.  The  potatoes  inoculated  at  the  side  decayed 
more  rapidly  than  those  inoculated  at  the  end.  Mature  pycnidia  and  spores  were 
formed  on  the  surface  on  May  i .  The  organism  was  recovered  tom  the  pycnidia  and 
from  the  diseased  brown  tissue  of  two  potatoes. 

The  organism  causes  a  chocolate-brown  to  almost  black  discoloration  of  the  tissoet 
but  leaves  it  rather  firm,  even  in  the  later  stages.  This  is  not  a  distinctive  character- 
istic, since  there  are  a  number  of  rots  of  the  sweet  potato,  nearly  all  of  which  produce 
some  shade  of  brown  in  the  tissue  and  are  in  general  so  similar  that  it  is  practically 
impossible  to  separate  them  by  their  macroscopic  appearances.  All  of  the  check 
potatoes  remained  sound. 

^  This  onanism  was  obtained  from  plants  cilpomota  coccmea-whidk'wcn  inocolated  with  orianism  No. 
xox. 
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Tabus  I. — Summary  of  results  of  inoculations  -with  PUnodomus  destruens. 


Nmnbei- 

Na 

Place  ol 

inocula- 
tioo. 

Num- 
ber of 
dxecks 

in- 
fectcd. 

Ex- 

Hort. 

Method  of  inocula- 
tk». 

In- 
ocu- 
lated. 

In- 
fect- 
ed. 

Checks. 

peri- 
ment 
No.> 

MO... 

Ipomoea 
bsutas. 

Potomac 
Plau. 

By  tnsertinc  spores 
and  hyplue  into 
the  lower  part  ol 
the  stem. 

10 

10 

10 

0 

X 

MO.  .. 

...do 

Green- 
houac 

do 

10 

8 

5 

0 

a 

lOf... 
101... 

...do 

...do 

...do 

...do 

do 

xo 
xo 

xo 
xo 

6 
6 

0 
0 

3 
7 

do 

100 

...do 

...do 

...do 

do 

do 

8 

6 

6 

7 

0 

9 

Ipomoca 

puipuiea. 

xoo. .. 

Ipomoca 
hedc  ra- 
ces. 

...do 

do 

xo 

0 

7 

0 

xa 

MX... 

Ipomoea 

...do 

....^60 

5 

3 

5 

0 

XJ 

COCCIBCA. 

loa... 

...do 

...do 

do 

la 

xa 

10 

0 

17 

108... 

...do 

...do 

do 

8 

8 

6 

0 

x8 

X08... 

...do 

...do 

do 

xo 

9 

7 

0 

19 

IM... 

...do 

...do. 

do 

6 

5 

s 

0 

ao 

MX... 

...do 

...do 

By  sprayinf  foliage 
with  spores  sus- 
pended in  water. 

xo 

0 

6 

0 

«4 

XOX... 

...do 

...do 

do 

6 

0 

6 

0 

8 

XOO... 

...do 

...do 

do 

6 

0 

6 

0 

xo 

XOX... 

...do 

...do 

By  smearing  coni- 
ofstem. 

xo 

7 

6 

0 

5 

XOX . . . 

...do^ 

...do 

By  pouring  spores 
In  water  around 

xo 

7 

6 

0 

6 

XOX . . . 

Ipomoca 
batatas. 

...do 

thepbnt. 
By   inserting 
hyphK  into  the 
lower  part  of  stem. 

7 

7 

6 

0 

M 

MX... 

...do 

...do 

By  inserting  spores 
and  hyphK  into 
the  node  ol  vine 
several  feet  from 
the  hill. 

6 

6 

5 

0 

'5 

XO6    .. 

...do 

...do 

do 

5 

s 

5 

0 

x6 

XOX... 

Storage 
sweet 
pota- 
toes. 

Laborar 
tory. 

By  inserting  spores 
and  hyphK  into 
the  end  of  potato. 

8 

0 

4 

0 

ax 

loe... 

...do 

...do 

do 

6 

6 

4 

0 

aa 

'  For  more  complete  data,  the  xeaikr  is  referred  to  the  cxperimenu  in  the  preceding  pages  oorresponding 
cO  uie  numbers  of  this  ccMunm* 
'  Expejimcnta  Noa.  4  to  7,  inchisive,  are  combined  in  the  body  of  the  text,  p.  358. 

Discussion  op  Inoculation  Expbrimbnts 

Twenty-two  sets  of  inoculations  have  been  made  with  Plenodomus 
destruens,  17  of  which  were  on  sweet-potato  plants.  Eighty-four  sweet- 
potato  plants  in  nine  different  sets  were  inoculated  by  wounding  the 
lower  part  of  the  stem  and  inserting  spores  and  h)rphae.  Seventy-eight 
died  of  the  disease.  Seven  plants  were  wounded  in  a  similar  manner 
and  inoculated  with  hyphae  only,  and  all  became  infected.  Kleven  vines 
in  two  sets  were  inoculated  at  the  node  several  feet  from  the  hill  and  lo 
became  diseased.  Spores  and  hyphae  were  smeared  on  the  lower  part 
of  the  stems  of  lo  plants,  care  being  taken  to  cause  no  wounds,  and  7 
became  diseased.  Spores  suspended  in  sterile  water  were  poured  about 
10  plants,  and  7  died  from  the  organism.     The  foliage  of  26  plants  in 
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three  diffeietit  sets  was  sprayed  with  the  ^>ores  suspended  in  water,  but 
the  disease  was  not  produced  thereby.  Ten  plants  each  of  Ipomoea 
hederacea  and  Ipomoea  purpurea,  and  5  plants  of  Ipomoea  coccinea  were 
inoculated  by  inserting  spores  and  hyphae  into  the  lower  part  of  the 
stem.  Three  plants  of  Ipomoea  coccinea  were  infected,  the  c^er  species 
not  being  injured  by  the  fungus. 

Two  sets  of  inoculations  have  been  made  with  potatoes  taken  from 
storage.  After  inoculation  one  set  was  kept  in  the  laboratory  room  in  a 
cloth  bag  and  gave  n^;ative  results.  In  the  other  experiment  the  potatoes 
were  placed  in  a  damp  chamber  and  kq>t  moist  with  filter  paper  satu- 
rated with  mercuric  chlorid.  Under  these  conditions  the  potatoes  rotted 
readily.  (PI.  XXVIII,  figs.  A,  B,  C,  and  D.)  The  organism  was 
recovered  in  pure  culture  from  the  pycnidia  formed  thereon  and  from  the 
rotten  tissue  within. 

The  results  of  these  experiments  show  that  the  foot-rot  organism  is  a 
vigorous  wound  parasite  of  Ipomoea  batatas.  In  the  greenhouse  and 
in  the  field  infection  can  be  readily  produced  by  wounding  the  plant,  but 
this  method  is  not  imperative.  It  has  been  further  shown  that  the  tem- 
peratures and  other  environmental  factors  best  suited  for  the  growth  of 
the  plants  are  likewise  most  favorable  for  the  development  of  the  fungus. 
During  warm,  moist  weather,  when  the  plants  grow  most  vigorously,  the 
disease  was  more  severe  than  when  growth  was  retarded  by  low  tempera- 
ture.    Plants  at  all  ages  were  about  equally  susceptible  to  the  disease. 

It  is  also  interesting  to  note  in  this  cormection  that  infection  was 
readily  produced  by  inoculating  with  hyphae  only,  the  result  showing 
that  the  progress  of  the  disease  was  more  rapid  and  the  plants  killed 
sooner  than  when  inoculations  were  made  with  spores. 

HOW  THE  DISEASE  IS  PERPETUATED 

The  exact  life  history  of  this  fungus  will  be  in  doubt  so  long  as  a  perfect 
stage  is  not  known.  It  is  evident,  however,  that  an  ascogenous  stage  is 
not  necessary  to  carry  it  from  one  season  to  the  next.  Diseased  speci- 
mens on  which  there  were  numerous  pycnidia  were  wintered  out  in  a 
wire  cage  covered  over  with  leaves  and  some  dirt  with  the  hope  that  an 
ascospore  stage  might  develop.  On  the  27th  of  the  following  April  the 
specimens  were  examined,  and  normal  pycnospores  but  no  asd  were 
found. 

A  second  lot  of  diseased  specimens  were  wintered  out  in  a  wire  cage 
set  on  the  ledge  of  a  north  window,  where  they  were  subjected  to  alter- 
nately dry  and  wet  weather  and  other  atmospheric  changes.  When  these 
were  examined  on  May  20,  191 3,  numerous  normal  conidia  were  present 
and  the  organism  recovered  in  culture. 

There  are  at  least  two  ways  by  means  of  which  this  disease  may  be 
carried  from  one  year  to  another:  (i)  On  the  dead  vines  and  (2)  on  the 
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potatoes  in  storage.  In  the  locality  in  which  this  disease  occurs,  the 
hotbeds  are  started  about  April  i,  or  even  sooner,  so  that  infection  of 
yoang  irfants  might  easily  take  place  from  pyoaospores  that  bad  endnrod 
as  late  as  May  20.  In  old  fields  the  beds  are  often  made  from  the  soQ 
on  which  sweet  potatoes  have  been  grown  the  previous  year,  thereby 
providing  the  b^t  conditions  possible  for  direct  infection  of  the  new 
crap.  Furthermore,  it  was  previously  pointed  oat  that  the  foot-rot 
oi|;ttiism  ^M-eads  from  diseased  stems  to  the  potatoes  and  develops 
pycnidia  thereon.  Experiments  have  also  shown  that  under  hotbed 
conditions  the  organism  will  grow  from  diseased  potatoes  on  to  the  slips 
produced  therefrom.  Therefore,  owing  to  the  comparative  obscurity  €i 
diseases  of  this  type,  infected  roots  might  readSy  be  overlooked  when 
selecting  seed,  thereby  making  the  sprouts  growing  from  such  potatoes 
haMe  to  infection. 

The  brown,  spherical,  thick-walled,  chlamydosporelike  bodies  were 
found  in  abundance  embedded  in  the  cortex  of  diseased  parts  of  plants 
wintered  out  in  the  wire  cages.  What  functicm  these  forms  have  is  not 
yet  known,  although  it  is  possible  that  they  are  Me  to  rq>rodiioe  the 
fungus  and  serve  to  carry  the  organism  through  unfavorable  conditions. 
Repeated  attempts,  however,  to  germinate  them  have  always  given 
nq;ative  results. 

SOME  PHYSIOLOGICAL  CHARACTERISTICS  OF  THE  FUNGUS 
CHARACTER  OP  GROWTH  ON  DIFFERENT  CULTURE  MEDIA 

The  foot-rot  fungus  grows  wdl  on  some  kinds  of  media,  but  sparsely 
on  others.  The  growth  on  some  media  may  be  regarded  as  character- 
istic of  the  organism  and  is  unlike  that  of  any  other  fungus  with  which 
the  writer  is  familiar. 

A  comparative  study  of  growth  has  been  made  on  nine  different  cul- 
ture media — ^i.  e.,  com  meal,  string-bean  agar,  string  beans,  Irish-potato 
cylinders,  sweet-potato  cylinders,  sweet-potato  stems,  rice,  beef  bouillon, 
and  beef  agar.  These  different  media  have  not  been  selected  for  any 
particular  reason,  except  that  they  are  those  commonly  used  and  can 
easOy  be  duplicated.  Five  tubes  (flasks  in  case  of  com  meal)  were 
inoculated  on  November  25,  191 2,  with  conidia  from  a  25-day-old  cul- 
ture grown  on  com  meal.  The  tubes  and  flasks  were  kept  in  the  light 
00  a  taUe  in  the  laboratory,  the  temperature  of  whidi  varied  from  18^ 
to  24^  C.  They  were  kept  under  observation  until  January  31,  1913, 
after  which,  owing  to  the  dried  condition  of  the  cultures,  no  more  notes 
were  made.  The  following  records,  given  in  number  of  days  from  the 
beginning  of  the  experiment,  show  the  nature  of  the  growth  on  the 
different  media. 
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Corn  Mbal  (1061') 

2  days. — No  visible  gfowth. 

4  da3ra. — Yellowish  white  growth  about  z  cm.  in  diameter.    Kyptut  growing  dose  to 

the  medium. 

7  days. — ^Hyphal  growth  about  4  cm.  in  diameter,  slightly  jrellowish.    Numerous 

minute  black  pycnidia  covering  an  area  of  about  a  cm.  in  diameter  in  the 

center  of  the  growth. 

9  da3rs. — ^Hyphal  growth  covering  most  of  the  surface  of  the  meditun  and  pycnidit 

formed  over  about  two-thirds.    Spores  just  beginning  to  exude  torn  pjrcnidia. 

IX  days. — Pycnidia  covering  most  of  surface  of  medium;  exudate  of  ^loies  forming 

small  viscid  droplets. 
14  to  17  da3rs. — ^Abundant  discharge  of  spores  from  the  pycnidia. 
21  da3rs. — Spore  discharge  collecting  in  large  globules,  forming  an  almost  oontinoous 

covering  over  the  surface  of  the  medium. 
95  days. — ^No  change. 
40  days. — Surface  of  medium  completely  covered  with  a  slimy  liquid  containing 

pycno^xtfes. 
67  da3rs. — ^Hyphae  hyaline.  Numerous  intercellular  and  terminal  chlamydo^x)relike 
bodies. 
Com  meal  is  the  best  of  the  media  used  for  the  development  of  pycnidia.  The 
pycnoqxires  are  first  expelled  in  about  one  week,  the  process  <vwtintn«g  for  30  or 
40  4ay«  th^eafter.  At  the  end  of  that  time  the  medium  is  covered  with  a  slimy 
liquid  in  which  the  spores  are  suspended.  This  liquid,  often  amounting  to  5  c  c, 
is  characteristic  of  grovrth  on  this  medium  and  is  apparently  not  due  to  the  water 
added,  since  that  is  taken  up  by  the  com  meal. 

Strino-Bban  Agar  (1037) 

4  days. — Sparse  white  growth. 

7  days. — ^Heavy,  white  flaky  growth  of  erect  hyphse  covering  one-fourth  of  slant 

9  days. — light-ooloced  pycnidia  collected  in  ^pots  on  surface  of  medium. 

II  days. — ^No  increase  in  mycelial  growth;  pycnidia  dark;  pycnospores  exuding  from 
pycnidia. 

14  to  17  days. — Perceptible  increase  in  the  exudation  of  pycnospores. 

a  I  days. — Exudate  colorless,  forming  large  droplets  and  uniting. 

25  days. — No  apparent  change. 

40  da3rs. — ^Hyphal  growth  covering  most  of  slant.    Spores  normal. 

67  days. — ^Hyphae  hyaline.    A  few  chlamydosporelike  bodies. 
String-bean  agar  is  only  a  fair  medium  for  the  growth  of  this  fungus.    The  pycnidia 

were  sparingly  formed  as  compared  with  the  grovrth  on  com  meal. 

String  Bbans  (1063) 

4  days. — White,  loose,  flaky  growth  covering  one-third  of  medium. 

7  days. — White,  loose,  flaky  growth  covering  three-fourths  of  medium. 

9  da3rs. — Felty  grayish  white  growth  of  somewhat  erect  h3rph8e.    Pycnidia  collected 

in  ^pots.    Pycnospores  present. 
II  days. — Pycnidia  black. 

14  days. — Slight  exudate  of  spores  from  pycnidia. 
17  days. — Slight  increase  in  the  dischai^  of  spores, 
ai  to  a5  days. — ^Exudates  uniting,  colorless. 

1  A  number  is  ghrm  to  and  a  description  made  of  each  medium  when  it  is  prepared  in  the  labontorf  st 
that  it  can  be  readily  duplicated  when  desired.  Unless  otherwise  stated,  all  media  were  prepared  is  dK 
laboratory  of  the  Office  of  Cotton  and  Truck  Disease  and  Sugai^Plant  Investigatioas. 
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40  days. — ^Medium  studded  with  pycnidia.     Exudate  abundant.    Pycnospores  not 

typical,  being  immature  in  appearance  and  irregular  in  shape. 
67  days. — ^Hyphs   hyaline.    Many    chlamydosporelike    bodies.    Long    cylindrical 
^""S  bodies  present.    (PL  XXV,  G.) 

^  ^j  Irish-Potato  Cylindsrs  (1036) 

4  days. — Dense,  felty  white  growth  covering  all  of  potato  cylinder.    Medium  slightly 

darkened. 
7  days. — Scattered  dark  (not  black)  pycnidia  forming. 
9  da)rs. — Pycnidia  abundant,  irregularly  scattered;  black,  rather  large. 
II  dajTS. — ^Pycnidia  black  and  conspicuous;  uniformly  scattered  over  the  meditun. 
14  days. — ^A  slight  exudate  of  spores  from  pycnidia. 
17  dajTS. — ^Pycnidia  crowded  together.    Slight  discharge  of  spores. 
SI  to  35  days. — Pycnidia  numerous.    No  discharge  of  spores  from  the  pycnidia. 
40  days. — Potato  cylinder  studded  with  pycnidia.    No  discharge  of  spores.    Pycno- 

qx>res  abnormal,  being  apparently  immature  and  irregultf  in  shape. 
67  days. — ^H3rphfle  hyaline.    A  few  chlamydosporelike   bodies.    Long  cylindrical 
bodies  present.    (PI.  XXV.  G.) 
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SWSBT-POTATO  CyUNDBRS  (1064) 


^\  4  days. — White  procumbent  growth  of  fairly  dense  hyphs  covering  one-half  of  potato 

^  1  cylinder.    Medium  changed  to  a  light  chocolate-brown  color. 

,\  7  days. — Feltlike  growth  covering  all  of  medium.    Potato  cylinders  changed  to  a 

chocolate-brown  color.    Pycnidia  forming;  surface  of  medium  grayish. 
9  days. — ^Pycnidia  crowded  together,  fcmning  a  felty  gra3rish  surface  on  the  medium. 
II  days. — Pycnidia  formed  in  a  dense  grayish  mass  over  surface  of  medium.    Spores 

exuding  from  the  pycnidia. 
14  to  25  days. — Slight  discharge  of  spores. 
40  days. — ^Medium  covered  with  pycnidia.    Spores  exuding  abundantly  from  one 

tube,  a  little  from  another,  and  none  from  the  remaining  tubes. 
67  dajTS. — ^Many  long  cylindrical  bodies.    Hyphse  hyaline. 

SWBBT-POTATO  STEMS  (1049) 

4  days. — A  q>arse  tqireading  growth  of  white  hyphse  covering  one-fourth  of  stem. 
7  days. — Sparse,  grajrish,  somewhat  irregular,   cottony  growth  of  erect  hyphse. 

Pycnidia  black,  larger  than  on  com  meal,  and  resembling  those  on  the  vines 

under  natural  conditions. 
'    9  dajrs. — Pycnidia  black,  uniformly  distributed  over  medium.    Spores  exuding  from 

the  pycnidia. 
II  days. — Pycnidia  numerous;    pycnospores  exuding   from    pycnidia  in  brownish 

globules. 
14  to  17  days. — Increase  in  the  discharge  of  spores  from  the  pycnidia. 
31  to  25  days. — Exudates  from  the  p3rcnidia  uniting. 
40  da3rs. — Stems  studded  with  pycnidia  with  long  beaks.    Discharge  of  spores  from 

the  pycnidia  less  than  on  com  meal. 
67  days. — ^Hyphse  somewhat  brown.    A  few  long  cylindrical  bodies 

RicB  (967) 
4  days. — ^No  visible  growth. 

7  days. — ^Very  slight  mycelial  giovrth.    Many  black,  somewhat  large  pycnidia. 
9  days. — ^Mycelial  growth  sparse.    Spores  just  beginning  to  ooze  from  the  pycnidia. 
XI  days. — Surface  of  medium  studded  with  black  pycnidia.    Spores  discharged  from 
the  pycnidia  in  small  globules. 
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14  to  17  days. — Dischaige  of  spores  from  the  pycnidia  increasing. 

21  to  25  days. — Exudates  from  the  pycnidia  increasing  and  uniting. 

40  dscys. — Pycnidia  abundant,  forming  a  black  crust  over  the  surface  of  the  medium- 

Exudate  of  spores  from  the  pycnidia  a  yellowish  slimy  mass. 
67  days. — A  few  lonjr  cylindrical  bodies  present.    Hyphe  mostly  hyaline.   No 
chlamydosporelike  bodies. 
Rice,  with  the  exception  of  com  meal,  is  the  best  of  all  the  media  tried.    Spores 
are  formed  abundantly  and  exuded  in  large  droplets  ixom  the  pycnidia.    A  very  scant 
mycelial  growth  is  formed  on  rice. 

BounxoN  (5725*) 

3  days. — No  visible  growth. 

6  days. — ^A  very  sparse  flaky  white  growth  arising  from  individual  ^xifes  kxlged 

i^;ainst  the  glass  below  the  surface  of  the  medium. 
8  days. — Growth  below  the  surface  of  the  medium  from  individual  spores  enlaiging 
and  adhering  to  the  glass.    No  floating  hyplue.    Sli^t  surface  growth  against 
the  glass. 
10  dsLys, — Increase  in  mycelial  growth. 

14  days. — Pycnidia  forming  a  black  ring  against  the  glass  at  the  surface  of  the  medium. 
29  days. — Pyciioqx>res  very  few,  poorly  developed,  and  not  typical  ol  the  spores  on 

com  meal  or  rice. 
56  days.— Hyphs  hyaline,  with  many  intercellular,  spherical  swellings  singly  or  in 
chains. 

Bbbf  Agar  (5726') 

3  days.— Grajrish,  thick,  felty  growth,  extending  X  c^n.  above  surface  of  mediiun; 

irregular  in  outline. 
6  days. — Growth  spreading;  white  pycnidia  forming. 

fr-io  days. — Pycnidia  forming  a  black  line  on  the  surface  of  the  medium  at  the 
point  of  contact  with  the  glass;  elsewhere  on  the  surface  of  medium  they  are 
collected  into  sgoXs, 
Z4  days. — Pycnidia  large  and  black  and  increasing  in  number. 
29  da3rs. — ^No  pycnidia  at  the  edge  of  mycelial  growth  except  in  contact  with  glass. 

Spores  few  and  imperfectly  formed. 

56  days. — ^Hyphae  h3raline,  with  many  intercellularly  or  terminal  ^herical  bodies 

several  times  the  diameter  of  the  hyphae  arranged  singly  or  in  chains.    Very 

few  typical  spores. 

These  results  of  tests  with  the  different  media*  bring  out  dearly 

the  fact  that  the  development  of  the  foot-rot  organism  is  deddedly  good 

oa  some  media  and  very  poor  on  others.    Numerous  pycnidia  and  an 

^  TUb  medium  was  prepMcd  in  the  Labontory  of  Phnt  Pathology. 

'In  additioa  to  the  results  of  frowth  obtained  on  the  nine  media  diaciiwd  in  the  preoedinf  paces,  the 
hmsus  was  cultivated  on  a  number  of  othets,  but  not  for  the  purpose  of  compaiint  the  frowth  at  the  end 
of  stated  periods  of  time;  hence,  these  have  not  been  included  in  the  general  description.  Growth  of  the 
fungus  has  been  studied  on  mature  stems  of  cotton  {Gossypmm  herhaceum),  sweet  dover  {MdUoiau  elbt)* 
also  on  immature  stems  of  sweet  clover,  lupine  (Lm^mnw  sp.;  common  vaiietles  from  Germany),  oak  ((2«M^ 
tm*  sp.).  tomato  {LycoPftiam  9scultntmm)^  and  sweet  potato  (Ipomoea  &«fafa«).  The  growth  and  prodo^ 
tkm  of  fruiting  bodies  varied  greatly  on  the  different  media.  On  oak  and  cotton  there  was  but  a  spanc 
growth,  although  a  few  pycnidia  were  formed.  On  tomato  there  was  practically  no  growth.  Nomeioaf 
fruiting  bodies  were  produced  on  stems  of  sweet  clover  (mature  and  immature),  sweet  potato,  and  a  fsir 
growth  of  hyphK  with  production  of  pycnidia  on  lupine.  Mycelfum  is  so  sparingly  formed  that  wbca 
produced  abundantly  it  is  a  sign  that  the  medium  is  not  suited  to  the  best  devaopment  of  the  fungos- 
The  prodnctioa  of  pycnkUa,  on  the  other  hand,  is  evidence  that  the  medium  is  a  most  favonble  one. 
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abtmdance  of  pycnospores  are  produced  on  com  meal  and  rice.  On 
beef  s^ar  and  bouillon,  on  the  other  hand,  the  pycnidia  are  compara- 
tively few  and  mostly  sterile.  The  development  of  pycnidia  on  steamed 
sweet-potato  stems  was  very  similar  to  that  found  in  nature,  except  that 
the  besdcs  were  longer.  A  fair  growth  only  was  made  on  string  beans 
and  Irish-potato  and  sweet-potato  cylinders.  Com  meal  and  rice,  how- 
ever, are  the  only  media  tried  on  which  the  growth  could  be  regarded  as 
showing  typical  development,  it  being  quite  apparent  in  most  other  cases 
that  the  conditions  were  quite  abnormal. 

GBRMINATION  OF  PYCNOSPORBS 

Germination  b^;ins  in  about  6^  to  7  hours  in  hanging  drop  cultures. 
Growth  in  sterile  or  hydrant  water  is  slow  at  first,  the  germ  tube  reaching 
only  about  one-half  to  one  and  one-half  times  the  length  of  the  spore  in 
24  hours  at  room  temperature  (2 1 .5**  to  22 .5®  C.) .  In  nutrient  media  a  much 
better  growth  is  made.  At  the  end  of  48  hours  the  germ  tube  reaches  a 
length  several  times  that  of  the  spore  and  begins  branchings.  (PI.  XXV, 
H)  Growth  is  fairly  rapid  thereafter,  although  if  compared  with  certain 
Pusaria  it  would  be  regarded  as  a  slow-growing  organism  both  in  arti- 
ficial culture  and  on  the  host.  Preliminary  to  germination,  the  pycno- 
spores  swell  up,  lose  their  original  shape,  and  become  more  nearly 
spherical. 

INFLUBNCB  OB  TBMPBRATURB  ON  THS  GBRMINATION  OP  PYCNOSPORBS 

The  minimum,  optimum,  and  maximum  temperatures  for  germination 
of  the  pycnospores  were  determined  by  inoculating  about  2  c.  c.  of  rice 
water  in  test  tubes  with  spores  of  the  fungus  from  a  young  culture  on 
com  meal.  One  set  of  cultures  was  placed  in  each  of  six  thermostats, 
the  range  of  temperature  being  indicated  in  Table  II.  Another  set  was 
amilarly  inoculated  and  placed  in  the  laboratory  room  as  a  check.  The 
cultures  were  examined  at  the  end  of  18  hours,  and  those  that  had  ger- 
minated freely  were  thrown  out.  The  other  cultures  were  continued 
for  24,  42,  or  48  hours,  as  necessity  required. 

TablB  II. — Limiting  temperature  for  the  germination  of  Pycnospores, 
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While  no  absolute  limits  have  been  established,  Table  II  shows  that 
only  a  very  slight  gennination  of  spores  took  place  in  thermostat  VI 
(i  1.5  to  12^  C.)  at  the  end  of  24  hours.  As  the  temperature  was  increased, 
germination  became  better  tmtil  the  optimum  was  reached  in  thermo- 
stats X  (25.0®  to  26.0®  C.)  and  XII  (35.5®  to  36.0®  C).  Germination 
was  somewhat  reduced  in  thermostat  XIII  (37.4®  to  37.5®  C.)  and  com- 
pletely prohibited  in  thermostat  XIV  (40.0*^  to  40.5®  C).  Of  the  tem- 
peratures tried  the  minimum  for  germination  would  be  found  in  ther- 
mostat VI  (11.5*^  to  12.0^  C),  the  optimum  in  thermostats  X  (25.0°  to 
26.0®  C.)  and  XII  (35.5*^  to  36.0®  C.)i  and  the  maTrimum  in  thermostat 
XIV  (40.0^  to  40.5^  C). 

VIABttrrY  G»  PYCNOSPORBS 

Just  how  long  the  spores  will  retain  their  viability  in  a  dried  condition 
is  not  known.  The  pycnospores  on  material  collected  on  August  22, 
1 91 2,  and  kept  in  an  envelope  in  the  laboratory  would  not  geraiinate 
in  plates  of  beef  agar  made  on  November  27.  Hanging-drop  cultures 
were  made  with  hydrant  water  in  Van  Tieghem  cells  from  the  same 
material  on  December  1 1 ,  with  similarly  negative  results.  On  the  other 
hand,  pure  cultures  made  on  August  15,  191 2,  on  com  meal  retained 
their  viability  to  Jime  18,  191 3.  These  results  are  not  directly  com- 
parable, since  there  is  always  a  certain  amount  of  moisture  present  in 
the  medium  when  the  culture  is  started.  Furthermore,  as  was  previ- 
ously pointed  out,  this  organism  produces  a  considerable  amount  of 
liquid  on  com  meal,  even  though  there  is  no  surplus  water  present  in 
the  culture  when  inoculated. 

INFLUBNCB  OF  TBMPBRATURB  ON  GROWTH 

The  influence  of  temperature  on  the  growth  of  Plenodomus  destruens 
in  cultures  was  determined  by  the  use  of  10  thermostats  ranging  in 
average  temperatures  from  1.09®  to  37.3*^  C,  and  in  the  laboratory 
with  an  average  temperature  of  21.9®  C.  These  temperatures  varied 
somewhat,  as  will  be  seen  by  referring  to  Table  III,  where  the  average 
maximmn  and  minimimi  temperature  for  each  thermostat  is  recorded. 

Cultures  were  made  on  January  15,  191 3,  on  sterilized  rice  (1085)  in 
test  tubes,  it  having  been  previously  ascertained  that  this  was  a  favor- 
able medium  for  the  growth  of  the  ftmgus.  Five  tubes  were  placed  in 
each  of  the  10  thermostats  and  one  set  in  the  culture  room  in  the  labo- 
ratory as  a  check.  The  cultures  were  kept  in  the  incubators  and  under 
observation  for  21  days.  Table  III  contains  a  record  of  the  growth  of 
the  organism  in  each  thermostat  and  in  the  laboratory  room  on  the 
different  dates  covered  by  the  experiment. 
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J  seen  from  Table  III  and  also  from  figure  2  that  the  temperatures 
rmostats  I,  II,  III,  and  V  (1.09®  to  9.0®  C.)  are  prohibitive  of  growth, 
rse  growth  took  place  in  thermostat  VI  (11.2®  to  14.0®  C.)  and 
d  its  maximum  growth  in  the  laboratory  ixx)m  (17.2*^  to  24. 5®  C). 
sst  growth  was  obtained  at  an  average  temperature  of  21.9®  C.  and 
xt  best  in  thermostat  XI  (29.4®  to  30.8®  C.) .  The  growth  of  mycelia 
rmostat  XI  (29.4®  to  30.8*^  C.)  was  better  at  the  outset  than  at  any 
temperature,  although  the  production  of  pycnidia  and  spores  was 
1  good  at  the  end  of  the  experiment  as  in  cultures  growing  in  the 
tory  room.  The  medium  in  thermostat  XI  was  deadly  dis- 
3,  a  change  which  did  not  occur  at  any  other  temperature.    In 

^s    7.€    sjo    /ae   /S2   ^^   /te  Bis   302  szs 


Pio.  X.— Onphic  repRsenUtkm  ol  growth  on  rice  at  difFerent  tempenturcs. 

DStat  XII  (36.4°  to  38.0®  C.)  a  very  slight  growth  of  hypha  took 
luring  the  first  three  or  four  days.  No  further  development  took 
thereafter.  While  these  results  do  not  defixiitely  fix  the  limiting 
rature  for  growth,  they  show  that  the  optimum  probably  lies  some- 
between  21.9*^  and  30.2®  C,  the  minimum  dose  to  12.6®  C,  and  the 
mm  at  about  37.3®  C. 

he  conclusion  of  the  incubation  period  all  the  cultures  were  taken 
he  thermostats  and  placed  on  a  table  in  the  laboratory  room.  At 
d  of  10  days  there  was  a  good  growth  in  all  the  tubes  except  in 
that  were  in  thermostat  XII  (36.4^  to  38.0®  C),  cultures  of  which 
;en  killed  in  21  days. 
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A  comparison  of  these  results  with  similar  experiments  carried  on 
with  the  pycnidial  stage  of  Diaporihe  bataicUis  ^  shows  that  Plenodomus 
destruens  is  limited  to  a  narrower  range  of  temperatures  in  its  growth  in 
artifickl  cultures.  The  optimum  temperature  for  growth  of  the  dry-rot 
organism  was  3^  C.  higher  than  that  of  the  foot-rot  fungus.  At  the 
lower  temperatures  the  former  made  as  good  a  growth  at  an  average 
temperature  of  7.5^  C.  as  the  latter  did  at  an  average  temperature  of 
12.6^  C.  At  the  higher  temperature  the  foot-rot  fungus  was  killed 
when  exposed  for  21  days  at  an  average  temperature  of  37.3*^  C,  while 
the  dry-rot  organism  made  some  growth  when  exposed  for  18  days  at  an 
average  temperature  of  37.8*^  C. 

INnUBNCE  OP  UGHt  ON  THE  GROWTH  AND  PRODUCTION  OF  PVCNIDIA 

It  was  found  that  the  conidial  stage  of  the  dry-rot  fungus  {Diaporihe 
baiaiatis)  produced  pycnidia  only  sparingly  unless  exposed  to  light.^ 
Contrary  to  these  results,  the  foot-rot  organism  on  rice  cultures  grew 
equally  well  in  darkness  and  in  the  light.  Pycnidia  were  formed  in 
about  3  days,  and  the  spores  began  exuding  in  small  droplets  in  about 
10  days. 

DISSBIONATION  OF  THS  DISBASB 

From  what  we  already  know  of  the  foot-rot  disease  it  is  evident  that 
there  are  several  ways  in  which  the  organism  may  be  carried  from  one 
place  to  another.  In  view  of  the  fact  that  the  pycnospores  will  live 
through  the  winter  on  the  dead  vines  until  as  late  as  May  20,  the  plants 
in  near-by  hotbeds  and  even  in  the  fields  are  liable  to  infection  from  this 
source.  It  has  been  shown  that  the  organism  causes  a  serious  disease 
of  the  stem  of  the  plant  and  grows  from  there  to  the  roots,  forming 
pycnidia  on  the  surface.  It  is  evident,  therefore,  that  the  use  of  such 
potatoes  for  seed  might  account  for  a  lai^ge  part  of  the  infections. 

There  is  no  way  of  determining  to  what  extent  insects,  the  wind,  and 
such  agencies  are  re^xmsible  for  the  distribution  of  the  disease,  but  they, 
do  doubt,  play  an  important  part.  It  is  believed  that  this  disease,  like 
many  others,  is  also  cUstributed  from  one  field  to  another  on  farm  imple- 
ments, the  hoofs  of  animals,  or  by  means  of  stable  manure,  etc.  It  is 
a  well-known  fact  that  many  farmers  are  careless  about  the  di^x)sition 
of  diseased  and  decayed  sweet  potatoes.  Without  suspecting  the  risk 
they  are  taking,  tliey  often  throw  them  on  the  manure  pile  or  feed  them 
to  stodc  without  cooking.  In  either  case  the  organism,  if  present  on  the 
potatoes,  might  eventually  be  carried  to  the  field.  The  wider  distribu- 
tion of  the  disease — i.  e.,  from  one  locality  to  another — must  largely  be 
accounted  for  by  the  exchange  of  seed  potatoes  and  seed  plants. 


iIIuter.I«.I«.,aiidField,  BthdC.    A  dry  rot  of  sweet  poUtoct  catMcd  by  I>ia>or«W  tetetetu.    U. 
Dcpt.  Agr..  Bur.  Pk&t  Indus.,  BuL  aSx,  38  p.,  4  pL>  X9i3* 
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POSSIBLB  MQTHOD6  OF  CONTROL 

The  suggestions  here  given  for  the  control  of  foot-rot  are  not  based  oa 
)erimental  evidence,  but  on  what  would  seem  obvious  from  a  knowl- 
;e  of  the  disease  and  the  methods  of  handling  the  crop.  It  has 
^y  been  pointed  out  (i)  that  the  disease  occurs  both  on  the  stem  and 
ts  of  sweet-potato  plants;  and  (2)  that  the  pycnospores  of  the  fungus 
L  live  through  the  winter  and  late  enough  the  following  spring  to 
*ct  the  new  crop.  With  these  facts  in  mind  it  will  be  dear  that  pre- 
itionary  and  sanitary  measures  should  be  employed.  One  ci  these 
wld  consist  in  the  careful  sdection  of  healthy  potatoes  for  seed.  Se- 
tion  should  be  made  preferably  in  the  fall  at  digging  time  and  any 
picjous  potatoes  should  be  discarded.  They  should  be  carefully  ex- 
ined  again  in  the  spring  when  the  disease  is  more  easily  recognized, 
i  all  those  that  show  any  sign  of  disease  should  be  rejected.  While 
infection  of  the  seed  in  a  solution  of  mercuric  chlorid  (i :  1,000)  will 
:  destroy  the  fungus  buried  beneath  the  surface  of  the  potato,  it  will 
all  adhering  spores  and  dean  the  potatoes  so  that  diseased  spots  can 
more  readily  detected.  After  imimersing  for  five  minutes  in  the  sdu- 
a,  the  potatoes  should  be  rinsed  in  water  and  thoroughly  dried.  It 
idvisable  that  disinfection  be  done  on  a  dear,  warm  day,  just  before 
:  potatoes  are  put  in  the  bed. 

>oil  that  is  likdy  to  be  infected  with  the  disease  should  not  be  used  in 
:  preparation  of  the  hotbed.  If,  however,  disease-free  soil  can  not  be 
ained,  then  it  should  be  disinfected  by  steaming  for  one  hour  at  a 
iperature  of  100^  C.  If  steam  sterilization  is  not  feasible,  the  soil  may 
soaked  in  a  formaldehyde  (40  per  cent)  solution  (i :  200).  If  the  latter 
thod  of  disinfection  is  employed,  the  soil  should  be  treated  at  least 
da3rs  before  it  is  to  be  used,  and  it  should  be  occasionally  stirred  to 
ist  in  the  escape  of  the  gas. 

Ul  decayed,  diseased,  or  discarded  potatoes  should  not  be  fed  raw  to 
ck,  or  thrown  on  the  manure  pile  to  compost,  but  should  be  cooked; 
ther  should  the  potatoes  be  thrown  on  the  ground  around  the  hotbed, 
ese  practices  are  too  conmion,  and  are  liable  to  infect  otherwise 
ease-free  beds. 

2rop  rotation  is  a  good  practice,  whether  for  the  control  of  diseases  or 
:,  and  should  be  practiced  by  every  farmer.  It  is  not  yet  known  how 
g  this  disease  retains  its  vitality  in  the  soil  without  sweet  potatoes  as 
lost,  but  probably  for  several  years.  At  least  three  years  shodd  be 
)wed  between  crops  whenever  diseases  of  this  type  are  found,  although 
s  doubtful  if  this  length  of  time  will  completely  eradicate  it  from  the 
[,  but  it  should  reduce  it  considerably. 
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SUMMARY 

(i)  The  foot-rot  has  Been  hitherto  unknown  on  the  sweet  potato 
(Ipomoea  baUiias).    It  is  caused  by  the  fungus  Plenodomus  destruens. 

(2)  The  organism  is  a  very  destructive  wound  parasite  of  the  sweet 
potato  in  the  vicinity  of  the  Dismal  Swamp,  Va.,  and  occurs  at  Cape 
Charies  and  Keller,  Va. 

(3)  It  kills  the  plant  by  the  destruction  of  the  cortex  of  the  stem 
near  the  ground. 

(4)  P3^cmdia  are  abundantly  formed  on  the  diseased  area  of  the  stem 
about  the  time  the  plant  dies,  or  soon  thereafter. 

(5)  The  disease,  while  primarily  found  on  the  stem,  invades  the  roots 
and  vines  also. 

(6)  The  fungus  is  cultivable  on  most  artificial  media,  but  gives  the 
highest  development  on  com  meal,  rice,  and  stems  of  the  sweet  potato. 

(7)  The  parasitism  of  the  organism  has  been  proved  by  numerous 
inoculations  of  plants  grown  on  the  Potomac  Plats  and  in  the  green- 
house. 

(8)  Successful  infection  experiments  were  carried  out  with  reisolations 
of  the  fungus  from  inoculated  plants. 

(9)  The  organism  is  parasitic  on  Ipomoea  coccinea^  but  not  on  /.  pUT' 
purea  and  /.  hederacea. 

(10)  Sweet  potatoes  from  storage  are  decayed  by  the  fungus  when 
inoculated  under  sterile  conditions  and  kept  moist  in  light. 

(11)  Light  has  no  apparent  effect  on  the  production  of  fruiting  bodies 
in  pure  cultures  of  rice. 

(12)  The  ftmgus  makes  its  best  growth,  as  meastned  by  abundance 
and  rapidity  of  sporulation,  in  rice  cultures  at  an  average  temperature  of 
about  21.9®  C. 

(13)  The  fungus  can  live  through  the  winter  on  dead  vines  of  the 
svTeet  potato. 

(14)  The  disease  is  probably  disseminated  principally  by  means  of 
"seed  roots"  and  the  slips  produced  therefrom. 

(15)  Seed  beds  should  be  sterilized,  and  potatoes  to  be  used  for  seed 
should  be  carefully  selected. 
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DESCRIPTION  OF  PLATES 

[II.  Parts  of  sweet-potato  plants,  showing  the  presence  of  pycnidia:  A,  On 

the  stem  just  above  the  ground;  B,  on  the  root. 
II V.  Portion  of  sweet-potato  vines  several  feet  from  the  hill,  showing  the 

lesults  of  a  natural  infection  of  the  foot-iot  fungus.    The  ocganism 

was  recovered  from  these  vines  before  being  photographed. 
LV.  Microscopic  characters  of   the  foot-rot  fungus:  A,  Sc^rtion  througfi 

a  pycnidium  on  the  root;  B,  secticm  throu^  a  pycnidium  on  the 
stem;  C,  hyphae,  from  artificial  culture;  D  and  E,  chlamydoqnre- 

like  bodies  found  on  the  host  and  in  some  culture  media;  F, 

pycnospores;  G,  club-shaped  bodies  often  found  in  pycnidia;  E, 

germinating  pycno^xves. 
/I.  Two  sweet-potato  plants  in  pots,  demonstrating  the  parasitism  of  the 

foot-rot  fungus:  A,  Inoculated;  B,  not  inoculated. 
II.  Nine-day-old  cultures  on  synthetic  agar:  A,  The  oonidial  stage  of 

Diaporihe  batatatis;  B,  Plenodomus  destruens, 
II.  Sweet  potatoes  inoculated  with  Plenodomus  destruens:  A,  Inoculated 

at  the  end;  B,  a  section  of  A  showing  extent  of  lot;  C,  inoculated 

at  the  side ;  D,  section  of  C  showing  the  extent  of  rot. 

(274) 
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[MENTAL    INFLUENCES    ON    THE    PHYSICAL 
CHEMICAL  CHARACTERISTICS  OF  WHEAT 

'  J.  A.  Ln  OuBRC,  Chief,  and  P.  A.  Yodbr,  Assistant  Chemist, 
Plant-Chemistry  Laboratory,  Bureau  of  Chemistry 

INTRODUCTION 

series  of  experiments  *  conducted  in  the  Bureau  of  Chemistry 
:  neither  the  composition  nor  the  physical  characteristics  of 
>  any  great  extent  hereditary.  The  protein,  gluten,  and  ash 
well  as  the  size  of  the  berry,  the  weight  of  a  bushel,  and  the 
the  kernel,  were  found  to  be  dependent  upon  the  climatic 
)revailing  during  the  growing  period  of  the  plant.  Seed  of 
at  containing  20  per  cent  of  protein  and  showing  100  per  cent 
nels  and  seed  of  California  wheat  containing  10  per  cent  of 
1  13  per  cent  of  flinty  kernels  when  grown  side  by  side  in 
ta  )delded  crops  of  identical  composition  and  physical  appear- 
same  was  true  of  these  Kansas  and  California  seeds  when 
^lifomia.  The  crops  grown  in  California  were,  however, 
ke  those  grown  in  South  Dakota,  owing  to  the  great  diflFer- 
atic  conditions.  It  was  shown  in  a  most  conclusive  manner 
mient  plays  a  major  part  in  influencing  both  the  chemical 
and  the  physical  appearance  of  a  wheat  crop.  Cropping 
Lumber  of  generations  under  widely  different  environments 
»es  not  alter  permanently  or  make  a  noticeable  impression 
msmissible  physical  and  chemical  properties  of  wheat, 
cperiments,  involving  the  transference  of  soil,  are  reported 
1  Walters.'  In  the  main,  their  observations,  based  on  crops 
ghout  a  period  of  three  years  in  one  locality,  harmonize  with 
>ns  here  presented,  which  are  founded  on  the  wider  range  of 
1  data  now  at  hand,  involving  crops  grown  for  four  years  on 
nt  tjrpes  of  soil  in  three  different  localities  having  widely 

..  and  I«eavitt.  Shennan.    Tri-local  experiments  on  the  influence  of  environment  on  the 
leat.    U.  S.  Dept.  Agr.,  Bur.  Chem.  Bui.  xaS,  x8  p..  1910. 

and  Walters,  £.  H.    A  progress  report  upon  soil  and  climatic  factors  influendng  the 
leat.    Cal.  Agr.  Exp.  Sta.  BuL  2x6,  p.  549'574t  i9"* 
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varying  climatic  conditions.  In  some  particulars,  however,  the  conclu- 
sions which  seemed  justifiable  from  their  experiments  are  not  borne  out 
by  these  more  extensive  data. 

The  experiments  discussed  in  this  article  were  designed  to  study  fur- 
ther the  environmental  influences  and  to  show  the  r61e  exerted  by  the 
soil  and  the  part  played  by  climatic  conditions,  such  as  rainfall,  sunshine, 
humidity  of  the  atmosphere,  temperature,  winds,  and  elevation  above 
sea  level.  As  in  the  case  of  the  previous  experiments,*  they  were  car- 
ried on  in  cooperation  with  the  Office  of  Cereal  Investigations  of  the 
Bureau  of  Plant  Industry.  The  agricultural  experiment  stations  of 
Maryland,  Kansas,  and  California  cooperated  by  growing  the  crops. 

CONDUCT  OF  THE  EXPERIMENTS 

In  order  to  distinguish  between  the  r61e  played  by  soil  and  that  by 
environment  other  than  soil,  samples  of  soil  were  interchanged  among 
three  localities,  Maryland  (College  Park),  Kansas  (Hays),  and  California 
(Davis),  which  differ  widely  in  climatic  conditions.  From  each  locality 
sections  of  a  normally  fertile  wheat-producing  soil  5  feet  square  and  3  feet 
deep  were  dug  up  in  3-inch  layers,  sacked,  and  replaced  in  the  same 
original  position.  To  obviate  any  differences  due  to  this  manipulation 
a  portion  of  soil  5  feet  square  and  3  feet  deep  from  each  locality  was  like- 
wise dug  up  in  3-inch  layers,  sacked,  and  stored  until  the  soils  from  the 
two  other  localities  had  arrived,  when  all  three  samples  were  placed  in 
their  respective  positions.  A  fourth  plat  of  soil  of  the  same  size  was 
allowed  to  remain  undisturbed  in  each  locality  to  determine  whether  the 
treatment  to  which  the  three  other  soils  had  been  subjected  would  exert 
any  influence  on  the  composition  of  the  grain.  Thus,  there  were  12 
experimental  plats,  4  in  each  locality,  as  shown  in  the  following  plan: 

TWBLVB  EXPERIMENTAL  PLATS 

California: 

Plat  of  undisturbed  California  soil,  or  check  plat. 

Platofdisttu-bed  California  soil.  1^    ,    .  ,  .     ,    ,  ^        ,       .- 

p.       -  ^  .-  I  Each  taken  up  m  3-mch  layers  and  replaced  in 

PlatofMar^Tsoil.  J    original  order. 


Each  taken  up  in  3-inch  layers  and  replaced  in  orig- 
inal order. 


Plat  of  undisttu'bed  Kansas  soil,  or  check  plat 

Plat  of  disturbed  Kansas  soil. 

Plat  of  California  soil. 

Plat  of  Maryland  soil. 

Maryland : 

Plat  of  undisturbed  Maryland  soil,  or  check  plat. 

Plat  of  disturbed  Maryland  soil.!  b^,.,  .       .••  j        ij- 

T>t  ^   i-  rA  f  i>  -t  Each  taken  up  in  7-mch  layers  and  replaced  m 

Plat  of  California  soil.  t       •  *     *     ^ 

Plat  of  Kansas  sou.  J    ^fS-^l^d^- 

^LeaetcandLcsWtt.    Of».dt. 
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During  the  first  two  years,  1908  and  1909,  Crimean  wheat  obtained 
from  seed  grown  in  Kansas  was  used  on  all  12  plats.  As  this  variety 
was  not  adapted  to  conditions  prevailing  in  Maryland  and  California, 
Turkey  wheat  was  selected  for  1910,  1911,  and  191 2.  The  change  from 
Crimean  to  Tiwkey  wheat  did  not  interfere,  however,  with  the  object  of 
the  experiment,  which  was  to  determine  the  influence  exerted  by  cli- 
matic conditions  and  soil  on  the  composition  of  the  crop. 

The  following  determinations  were  made  according  to  the  methods 
given  in  Bulletin  107,  Revised,  of  the  Bureau  of  Chemistry,  entitled 
"Ofl&dal  and  Provisional  Methods  of  Analysis." 

Water;  weight  of  1,000  grains;  weight  of  a  bushel;  flinty  grains;  nitro- 
gen; alcohol-soluble  nitrogen;  fat;  fiber;  pentosans;  sugars;  ash;  phos- 
phoric add;  and  potash.  The  alcohol-soluble  nitrogen  was  determined 
by  treating  a  certain  quantity  of  ground  wheat  with  a  70  per  cent  solu- 
tion of  alcohol  at  ordinary  temperature,  with  frequent  shaking,  for  sev- 
eral hours,  and  then  allowing  the  solution  to  stand  overnight.  An 
aliquot  part  was  taken  and  the  nitrogen  therein  determined.  The 
amount  of  nitrogen  thus  obtained  divided  by  the  total  quantity  of 
nitrogen  in  the  sample  gave  the  gliadin  number. 

TABULATION  OF  DATA 

The  data  are  collected  in  a  number  of  tables.  In  Table  I,  first  col- 
umn, is  given  the  analysis  of  the  original  seed  grown  in  Kansas  in  1908^ 
which  was  used  as  seed  on  all  the  plats  for  the  following  year's  crop* 
The  other  analyses  in  Table  I  and  the  data  in  Tables  II  to  IV  were 
obtained  on  crops  grown  in  1909,  1910,  1911,  and  191 2,  the  results  be- 
ing grouped  by  locality.  The  data  from  the  different  soil  plats  and  the 
check-soil  plat  in  each  locality  are  arranged  in  adjacent  columns  in 
Table  I.  In  Table  II  the  same  data,  exclusive  of  check-plat  data,  are 
rearranged,  th^  results  from  the  same  soils  being  grouped  in  adjacent 
columns.  Averages  derived  from  these  data  are  given  in  Tables  III,  IV, 
and  V.  In  Table  III  are  shown  the  averages  of  all  the  constituents 
from  crops  grown  in  California,  Kansas,  and  Maryland,  not  including  the 
check-soil  plat,  throughout  the  four  years  of  the  experiment.  Table  IV 
gives  the  averages  obtained  from  data  on  the  crops  grown  on  the  soils  of 
California,  Kansas,  and  Maryland  for  each  of  the  three  localities  and  for 
all  four  years.  Finally,  in  Table  V  are  shown  the  averages  for  the  undis- 
turbed or  check-soil  plats  and  for  the  corresponding  plats  in  which  the 
soil  had  been  taken  up  in  3-inch  layers  and  replaced. 
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TablB  l.^-Composiiion  of  wheat  grown  on  different  plats  of  soil  in  Calif omia^  in  Kansas, 
and  tn  Maryland  in  igog,  ipio,  ipii,  and  igi2. 


CRIMBAM  WHBAT. 

OrigiiiAl  seed  and  1909  crop. 


Determination. 


Wheat  grown  in 
Catifomiaoo — 


I 


Wheat  grown  in 

al  (Ml — 


Wheat  grown  ii 
Maryland  on- 


Ii 


Physical  propeitics: 

Water per  cent. . 

Weight  per  z.ooo  grains, 
grams 

Weight  per  bushel,  .pounds . . 

Flinty  grains percent.. 

On  water-free  basis: 

Nitrogen do — 

Proteni(NXs.7) do  ••• 

Alcohol-soluble  nitrogen, 

per  cent 

Ghadin  in  protein.  .x>ercent. . 

Pat do.... 

Piber do.... 

Pentosans do — 

Sugars do.... 

Ash do... 

Phosphoric  acid do — 

Potash do.... 

Phosphoric    add    in    ash, 

percent 

Potash  in  ash percent. . 


36.3 
57-7 


9*64 

36.2 
6a.  7 
xoo 


8.98  9-00  8.88 


34-6 
6X.5 
xoo 


36.4 
6X.5 

75 


9.58 
14-75 

Z.03 
40 


14.76 


3.  78    3.  OX 

15. 84  zz.  46 


3^3 

XZ.S7 


8.70 
3.59 
3.05 

.96 

•55 

46 
"5 


X.33 
46 
Z.67 
a.x8 

8.33 

3-53 
Z.79 
.79 


.z6| 
4Z 
z.8a 
a- 33 
8.49 
3.3X 
Z.63 
.68 
•  45 


.83 


4Z        35 


•71 


Z.83 
a.  43 
8.Z6 
3-73 
z.63 
.70 
.46 


Z.84 
«-39 
8.53 
3.36 
Z.90 
.89 
.56 

47 
30 


9.56 


9.48] 
33.0 
80 


3.69 
15-33 

z.  zo 
4Z 
3. 16 
3.69 
8.37 
3.89 
3.39 

I- 93 


a- 57 
14.65 

z.os 
4Z 
3.0s 
a.  63 
8.31 
3.64 
3. 30  3. 09 
X.18 
.63 


2-34 
13-34 

92 
40 
2.15 
a- 59 
9- 03 
3.82 


TURKBY  WHBAT. 

Z9ZO  crop. 


Deterznizuition. 


Wheat  grown  in 
Odif ornia  on— 


Wheat  grown  in 
Kazisasoo— 


Wheat  grown  in 
Maryland  on" 


1^ 


Physical  properties: 

Water per  cent. 

Weight  per  x.ooo  grains grains . 

Weight  per  bushel pounds. 

Flinty  grains per  cent. 

On  water-free  basis: 

Nitrogen do. . . 

Protem(NX5.7) ^o... 

Alcohol-sohible  nitrogen do. . . 

GUadin  in  protein do. . . 

Fat do... 

Fiber do. . . 

Pentosans do. . . 

Sugais do... 

Ash do... 

Phosphoric  acid do. . . 

Potash do. . . 

Phosphoric  acid  in  ash do. . . 

Potash  in  ash do. . . 


9-8x 
31- a 
60.S 
99 

3.  x6 
Z3.3Z 
.96 
4 

3.0Z 
3.  36 
8.37 
3- 

Z.87 

.84 

.60 

45 

3a 


9.68 
38.3 


8.99 

3Z.S 


9.67 

34-3 
6z.8 
70 

Z.86 

zo.  6016.  a 
74. 


zoo 


3.Z3 

3.28 

8.57 

3' 81 

Z.82 

.86 

•55 

47 

30 


9.39 
36.  z 
58.3 
99 

86   3. 80 
15.98 

33 


X.86 

3.  73 

&64 

3-13 

x-99 

.85 

.6x 

43 

3Z 


9*03 

33.6 

56.9 
xoo 


9.30 
33.3 
57.3 
100 


9.za 
»4-0 
55-8 
100 


9,00 
38.0 


ZO.66 

31-5 

57.7 


9-73 
35.9 


3.a3 

X8.4Z 
Z.33 

4Z 
z.8z 
3.78 
8.78 
3-zz 
3.39 
Z.08 
.69 

47 

30 


Z.80 
xa97 


X.67 

3.65 

64]  8.70 

3.$K> 
3.09 

8b| 


3.80 

& 

3-33 
Z.97 


Z.90 

za85 
75 

39 
Z.76 
3.0Z 
8.54 
a.  99 
2.07 
Z.09 
•57 

53 

38 


3.05 
ZZ.68 


Z.78 
3.63 
&84 
3.06 
a.  22 

I.  31 

.61 


^  Owing  to  a  severe  drought  the  crop  failed  to  mature. 
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Tabi«9  I. — Composition  of  wheat  grown  on  different  plats  of  soil  in  California,  in  Kans<is, 
and  in  Maryland  in  iQog,  igio,  igii,  and  Jp/^— Continued. 


19XX  crop.' 


Pcterminatkin . 


Wheat  ctown  in 
Calif omiac 


1! 

•8 
si 


Wheat  grown  in 


Wheat  grown  in 
Maryland  on — 


Physical  properties: 

Water per  cent. 

W^eisht  per  x.ooo  grains grams. 

Weight  per  bushel jxNuids. 

Flinty  grains x>er  cent. . 

On  water-free  basts: 

Nitrogen do 

Prottta(NXs.7) do.... 

Alcohol-soluble  nitrogen do 

GKadin  in  protein do 

Fat. do.... 

Fiber do 

Pentosans do.... 

Sugars do 

Ash do.... 

Phosphoric  add do, 

Potash do, 

Fho^horicacid  in  a^ do, 

Potash  in  ash do. 


38.4   34-6 


37-7 


"3-5 
xoo 


9*00 
Z9.9 


9- 30 
X3-3 


8.88 

X3.5 


8.79 
X3.8 


8.83 
37.4 
60.5 
as 


8.97 
29-4 
6a.  a 


8.93 
a7.i 


xa.a4 
93 


10.56 
76 
43 


9.6X 

.70 

4a 


3.70 
ax.  zx 


4.09 
23-31 


4.07 
33*  x8 


3-97 
aa.6a 


1.94 
a- 95 
8.84 


X.9S 
a- 94 
9.X3 


X.83 
3x7 
9.57 


3.  ax 
9.xa 


X.76 


1.78 


9.58 
I.X4 
.69 

14 
a7 


a.  56 
X.18 


a.  78 


a*  09 
.86 
.64 

41 

30 


a, 00 

11.38 
85 

43 

a.  04 
a.  41 
8.08 
3- as 
a.  23 
X.24 
.67 

56 

30 


a.  37 
X3-Sa 
X.04 
14 

x.83 
a- 49 
8.25 
3-33 
a.  10 
1.09 
.65 

31 


8.73 
a6.4 
59.9 
SO 

a.  31 

13.  z8 
.96 

4X 

■^1.87 
a- 44 
8.39 
3-34 
a.X7 
X.17 
.67 

54 

31 


X9xa  crop. 


I 


Physical  properties: 

Water per  cent. 

Weight  per  x.000  grains . . .  .grams. 

Weight  per  bushel pounds . 

Flinty  graxiu per  cent. , 

On  water-free  basis: 

Nitrogen do... 

Protem  (NX5.7) do... 

Akohol-soluble  nitrogen do. . . 

Ohadm  in  protein do. . . , 

Fat. do... 

Fiber do. . . 

Pentosans. do. . . 

Sugars do... 

Ash do... 

Phoqihoric  acid do . . . 

Potash do... 

PhoQ>boric  acid  in  ash do... 

Potash  in  ash do. . . 


90 


8.43 
a9-3 


8.99 
30.5 
64.3 
98 


9.05 

ZZ.68 
85 

41 
X.89 
a.a8 
8.08 
3.56 
9.07 
z.oa 
.6a 

S3 

30 


8.67 
3X.8 
65.  X 
98 

1.40 
1.68 


99        98 


8.70 
93-9 


55 
aa.o 


3-17 

18.07 
X.40 

14 

9.0s 
9.69 
8.70 
3-91 
a.  ao 
1.03 
•59 

47 

a7 


XO.18 
ax.  4 
57-7 


9.68 

xS'a9 
X.X4 

43 
X.88 
2.68 
8.3X 
3-37 
a.  47 
x.a3 
•74 

50 

30 


10.30 
a8.6 


3.62 

ao.65 
X.64 

45 
x.89 
a.  48 
8.5a 
3 
a- 45 
i.a6 
.66 

5X 

27 


10.45 
z6.a 


xcaa 
as- 7 
60.Z 
30 


9-65 
as- 7 
60.3 
75 


85 

XO.54 

70 

38 

1.89 

2.72 

8.44 

2.95 

9.94 

X.X4 

-7X 

51 

3» 


10.13 
19- X9 


-89 


XO.Z7 
92.4 


a.  05 
XZ.68 
83 


a.  87 

9-03 

3- 3a 

48]  a.46 

34 

79 
50 
3a 


>  The  data  for  the  191  z  samples  grown  in  California  were  furnished  by  Prof.  Shaw,  ci  the  University  of 
CaHfomia.  under  whose  supervision  the  field  work  in  that  SUte  was  conducted. 
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TablS  II. — Composition  of  wheal  grown  on  plats  of  CaUfomia,  Kansas,  and  Mary- 
land soils  tn  California,  in  Kansas,  and  in  Maryland. 


Dctcmiinafion. 


Analysis  of  wheat  grown  on — 


California  soil  in —         Kansas  soil  in —        Maryland  soil  in— 


i 


1 


Physical  properties: 

Water per  cent 

Weight  per  x.ooo  stains. . .  .grams 

Weight  per  bushd pounds , 

Flinty  grains per  cent. 

On  water-free  basis: 

Nitrogen do. . . 

Proton  (N  X  57) do.., 

Alcohol^otuble  nitrogen . . .  .do. . , 

Gliadin  in  protein do. . , 

Fat do... 

Fiber do... 

Pentosans do. . . 

Sugars do... 

Ash do... 

Phosphoric  add do. . . 

Potash do... 

Phosphoric  add  in  ash do. . , 

Potash  in  ash do... 


&98| 
34-6 
61.5 
xoo 

a.  78 

IS.  84 
x.x6 

41 
x.8a 
a.  33 
8.49 
3.  ax 
x.63 
.68 
•45 

4a 

a8 


9.56 
at,  a 


8S 

a.  69 
15-33 

X.XO 

4X 
a.  16 
a.  69 
B.37 
a.  89 
a.  39 
x-«3 


ShOO 
36.4 
61.5 
75 

a.  ox 

XX.  46 

.8a 

41 

x.8a 

a- 43 

8.X6 

3' 73 

X.63 

.70 

.46 

43 

99 


9.48 
a3.o 


8.88 
as.  4 


9-M 
an.  a 


80 

«-57 

14.65 

1.05 

41 

a.  OS 

a.  6a 

8.31 

a.  64 

a.  30 

x.x8 

'63 

51 

87 


97 

a.  0(3 

XX.  S7 

•71 

35 

X.84 

a.  39 

8.53 

3.a6 

X.90 

.89 

56 

47 

30 


a- 34 

13-34 
.99 

a.  15 
«-S» 
9.  OS 
a.& 

a.  09 


Physical  properties; 

Water percent. 

Weight  per  x.ooo  grains grams. 

Weight  per  bushel pounds. 

Phnty  grains per  cent. 

On  water-free  basb: 

Nitrogen do. . . 

Protttn (N  X  5.7) do... 

Akohol-soluble  nitrogen do. . . 

Gliadin  in  protein do. . . 

Fat do... 

Fiber do. . . 

Pentosans do... 

Sugars do... 

Ash do... 

Phosphoric  add do. . . 

Pota^ do. . . 

Pho^horic  add  in  ash do. . . 

Potash  in  ash do. . . 


9.00 
38.3 


a.  39 

13-63 

1.05 

44 

a.  13 

a.  15 

8.3a 

3-53 

x.84 

.79 

.61 

43 

33 


9-39 
a6.x 
58.3 
99 

a.  80 

IS- 98 
x.a3 

44 
X.86 
a.  7a 
8.64 
3-X3 
1.99 
.85 
.61 

43 

31 


9.00 
a8>o 


X.80 
xaa7 


X.67 
a.  6s 
8.70 
a.  90 
a.  09 


9.67 
34-3 
6x.8 
70 

X.86 

X0.60 

•74 

40 

a.  13 

a.aS 

8-57 

3-81 

x.8a 

.86 

•55 

47 

30 


9.03 
aa.6 
56.9 
xoo 

3.a8 

18.73 
X.44 

41 
a.  04 
a.  79 
8-93 
3-38 
1.97 
.81 
.66 

41 

31 


10.66 
3X.S 
57-7 
o 

x.90 

X0.8S 
•75 

39 
X.76 
3- 01 
8.S4 
a.  99 
a.  07 
X.09 
•57 

53 

a8 


8-99 
ax.  5 


a.  86 
x6.a8 


a.  XI 
a- 35 
9.25 
3.43 
a.  OS 
x.oa 
.6s 

SO 

a8 


9.xa 
24.0 
55-8 
xoo 

3- XI 

X7.81 
x.a9 

41 
a.oa 
a.  80 
8.64 
3-33 
X.97 
.80 
.64 

4X 

30 


9.73 
a$.9 


a.os 
xi.^ 


x.7« 
a.  6s 
8.84 
3.C6 
a.  as 
I.  at 
.61 

59 

a? 


Physical  properties: 

Water per  cent. 

Wdght  per  x.ooo  grains grams. 

Wdght  pa-  bushel pounds. 

Flinty  grains per  cent. 

On  water-free  basis: 

Nitrogen do. . . 

Protein  (N  X  57) do... 

Alcohol-soluble  xutrogen do. . . 

Gliadin  in  protein do. . . 

Fat do... 

Fiber do... 

Pentosans do... 

Stigars do... 

Ash do... 

Phoshoric  add do. . . 

Potash do. . . 

Phosphoric  add  in  ash do. . . 

Potash  in  ash do. . . 


34-6 


X0.56 

.76 

43 


X.88 


9.00 
xa.9 


3-70 
ax.  XX 


t.94 
a.  95 
8.84 


a.  58 
X.14 
.69 

44 
27 


8.83 
a7-4 
60.S 
as 

a.  00 

XX.  38 
-8s 

43 
a.  04 
8.4X 
8.08 
3- as 
a.  23 
1.24 
.67 

56 

30 


37-7 


9.61 

.70 

4a 


X.76 


9- 30 
X3.3 


98 


4.09 
83- 3X 


1.95 
a.  94 
9.xa 


a.  56 
x.x8 


8.97 
89-4 

6a.  a 


a.  ao 

xa.  sa 
.88 

40 
a.  OS 
a.  33 
8.aa 
3-45 
a.ao 
x.x6 
.6s 

53 

30 


X3.  ao 
.80 
35 


1.78 


8.79 
X3.8 


3-97 
aa.6a 


a.xa 
S.ai 

9.X3 


a.  09 
.86 
-64 

41 

30 


8.93 
a?.  I 


2.37 
13- S» 
X.04 

^.* 

t.49 
8. 25 

3-33 
2.  to 
x.09 
.65 

5» 

3» 
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Tabids  II. — Composition  of  wheat  grown  on  plats  of  Cc^Ufomiaf  Kansas ,  and  Mary- 
land soils  in  CaUfornia,  in  Kansas,  and  in  Maryland — Continued. 


DetennnuitjCKL 


Analysis  of  wheat  grown  on — 


Calif  omia  soil  in — 


I 


Kansas  aoU  in — 


I 


Maryland  soil  in — 


I 


Physical  properties: 

Water per  cent. 

Weight  per  z.ooo  grains . . .  .grams 

Weight  per  bushel pounds. 

Flinty  grains i>er  cent. 

On  water-free  basis: 

Nitrogen do . . , 

ProtM(NXs.7) do.., 

Aloohol-solublie  nxtrogen do. . , 

Ghadin  in  protein do... 

Pat do... 

Fiber do... 

Pentosans do... 

Sugars do.., 

Ash do. . . 

Phosphoric  add do... 

Potash do. . . 

Pbosfrfioric  add  in  ash do... 

Potash  in  ash do... 


8.29 
30.  s 
64.3 
98 

a.  84 

12.  77 

•97 
43 
X.93 
2.20 
7- 95 
3.78 
a.  14 
1.07 


xo-ss 
22.0 


2.68 

15.29 
X.X4 

4a 
X.88 
2.68 
8.3X 
3-37 
a- 47 
X.23 
•74 

50 

30 


X0.23 

a5-7 
60.x 
30 

x.8s 

XO.S4 
.70 

38 
X.89 
a.  72 
8.44 
a.  95 
a.  24 
X.X4 
•7X 

5X 

3a 


8.67 
3X.8 
65.  X 
98 

2.40 

13. 68 
Z.02 

43 
z. 
a.  28 
8.05 
3.80 
a.x8 
X.09 
.63 

50 

a9 


ZO.18 
31.4 
57-7 
zoo 

2.78 
X5.87 

Z.  30 

43 

2.Z7 

2.65 
8.37 
3.4X 
2.20 
x.oa 
.67 

46 

30 


9-65 
as- 7 
60.3 
75 

2.  X2 
Z2.  ZZ 

.85 
40 
Z.97 
a.  S3 
8.63 
3.08 

2.24 

Z.Z9 

.72 

53 

3a 


8.70 
33.9 


Z0.4S 
16.2 


3-17 

Z8.07 
Z.40 

44 
3.05 
3.69 
8.70 
3-9X 
2.20 
Z.03 
•59 

47 

27 


3-a9 
Z8.78 
X.35 
4X 
a.oz 
3-a4 
8.98 


a.  83 
X.3Z 
.79 

46 

s8 


ZO.Z3 
Z9.9 


a.aS 

X3 

89 

39 
Z.88 
2.88 
9.36 


2.48 
z.a7 
.80 

5X 

3a 


Tablb  III. — Averages  and  extremes  in  wheat  grown  on  pUUs  of  California,  Kansas,  and 
Maryland  soils  in  California,  in  Kansas,  and  in  Maryland} 


Determination. 


CaBfomia. 


Averages. 


Hxtremes. 


Kansas. 


AveAges. 


Extremes. 


Maryland. 


Averages. 


•II 


Extremes. 


Physical  properties: 

Water percent. 

Wci^t  per  z.ooo  grains, 

grams < 

Weight     per     boshet 

pounds 

Flinty  grains  .per  cent . 
On  water-free  bastt: 

Nitrogen per  cent. 

Protlmi    (N    X    5-7). 

ptf  cent 

Alcohol-sohible    nitro- 
gen  percent. 

Gliadin     in     protein, 

percent 

Fat percent. 

Fiber do... 

Pentosazis do. . . 

Sugars do... 

Ash do... 

Phosphoric  add.  .do. . . 

Potash da.. 

Phosphoric  add  in  ash, 

per  cent 

Potash  in  ash,  per  cent . 


8.98 

3a  a 

69.8 
86 

a.  4a 

Z3.ZZ 

-9» 

41 
z.97 
a.  34 
8.45 
3.6Z 
Z.90 
.90 
•57 

47 
89 


0.3X 

4-5 

x-5 
X7 

•35 

a.  OX 

.z8 

a 

.Z2 


•X3 
.06 


8.39 

ax.  5 

6Z.5 
46 

Z.86 

9.6Z 

.70 

35 
x.8a 
2.  Z5 
7-95 
3-az 
1.63 
.68 
•45 

4a 

27 


9.68 
37.7 

65.  z 
xoo 

3^X7 

Z8.07 
z.40 


3.Z3 

2.69 
9.2s 

3'9X 
2.20 
Z.09 
•65 

SO 
33 


9-53 

X9-X 

57- a 
99 

3-30 

z&8i3 

1.27 


2.89 
8.76 
3.3a 
a.  30 
z.02 
.68 

45 
30 


0.57 
4.5 

.8 

z 

•41 
a.  34 
.09 


.08 
.z8 
.26 
.oS 
.28 
•X7 
.04 


8.79 

za.9 

55-8 
98 


XO.55 
26.Z 

58.3 
zoo 


a.68     4.09 
xs.a9   33. 3Z 


41 
z.86 
a.  65 
8.27 
3.X3 
z.97 
.80 
.6z 

4X 
27 


2.  Z7 
3.az 
9.Z2 
3-4X 
2.83 
Z.3X 
.79 

SO 
3X 


9-53 
25.6 

6az 

35 

a.z8 

ia.43 

•90 


Z.94 
a.  63 
8.56 
3.03 
2.  22 
z.z8 
.67 

53 

30 


0.461    8.83 
19-9 

57-7 


2.7 

z 
30 


•a3 
x.29 
.zo 


z.80 

zo.a7 

.70 


Z.67 
a.  33 
8.08 
z8|  a.  64 
op]  2.07 
z.09 
•57 


•05 
.05 


za66 
3X.5 

62.2 
85 

2.69 
X5-33 

Z.ZO 


a.z6 
3.  ox 
9.36 
3-45 
3.48 
X.27 
.80 

59 
3a 


1  Not  inrhiding  check  plats. 
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TablB  IV. — Avtragts  and  extremes  in  wheat  grown  in  California,  in  Kansas,  and  in 
Maryland  on  plats  of  California,  Kansas,  and  Maryland  soils.^ 


California  soiL 


Averages. 


Determinatioo. 


Bxtremes. 


•oU. 


Averages. 


Bxtremes.     Averages. 


Maryland  soiL 


ExtlCOKS. 


Physical  properties: 

Water per  cent. . 

Weight  per  i  .000  grains, 

grains 

Weight    per     bushel, 

pounds 

Phnty  grains. per  cent. . 
On  water-free  basis: 

Nitrogen percent.. 

Proton     (N    X    s?), 

percent 

Alcohol-soluble    nitro- 

jfen per  cent.. 

Ghadin     in     protein. 

percent 

Fat percent.. 

Fiber do.... 

Pentosans do 

Sugars do 

Ash do 

Phosphoricadd.  .do 

Potash do 

Phosphoric  acid  in  ash, 

per  cent 

Potash  in  ash .  per  cent . . 


a6.s 
60.9 

S.4S 
X3.8S 


4a 
t.93 

a-SS 

8.41 

3-53 
a.  13 
1.04 
.64 

48 
30 


x-S 
33 


9.56 


.z6 


.92 

.ax 
.aS 

•33 

.18 
.06 


8.19 
za.9 

58.3 

o 

Z.80 

zo.a7 

.70 

38 
z.  67 
S.IS 
7-95 
a.  89 
X.63 


•45 


34.6 


64.3 
100 


I.  33 


a.  x6 
a.  95 
8.84 
3.90 
a.  58 
X.24 
•74 

56 
33 


9.46 


6a4 
69 


X3-94 

•94 

4X 
X.98 
a.  59 
8.48 
3^48 
a.  08 
X.03 
.61 

48 
39 


8.67   za66 


6wZ 


9.9 
a6 


.a8 
•84 


13-3 

56.9 

o 

Z.86 
9.6X 


39 
X.76 
a.a8 
8.05 
a.  99 
1.63 
•70 
.46 

41 
27 


37-7 

6s.  1 
xoo 


33.31 

1.44 

43 
a.X7 
3.  ox 
9.1a 
3.8Z 
a.  56 
1. 19 
•7a 


8S 

a.  75 
IS- 44 

X.OS 

40 
X.97 
a.  73 
8.87 
3^30 
9.x6 
X.05 
.66 

48 
a9 


0.48 

(«) 
a4 

•S3 

a.  97 


.a8 
.39 


8.70 
13.8 

(«) 

o 

3.03 

XX.  57 

.7x 

x.7« 
••35 
8.  as 

3.82 
X.78 


•X5 

.06 


X0.4S 
^•i 

O 

xoo 

3-97 
aa.69 
X.40 


a.  15 

3-M 
9.36 
3-91 
a.Sj 
i-3« 
.80 


^  Not  including  check  plats. 


'  Only  X  sample. 


TablB  V. — Averages  and  extremes  for  the  years  iQog,  igio,  igil,  and  igi2  in  wheat  on 
disturbed  and  undisturbed  plats^  for  all  localities  (California,  Kansas,  and  Maryland) 
and  years. 


Determination. 


Physical  properties: 

Water per  cent. . 

Weight  per  x.ooo  grains  .  .grams. . 

Weight  per  bushel pounds. . 

Flinty  grains per  cent. . 

On  water-free  basis: 

'litrogen per  cent. . 

»rotan(N  X  5.7) do.... 

Jcoholic-  soluble       nitrogen, 

per  cent 

•liadin  in  protein per  cent. . 

fat do.... 

fiber do — 

Pentosans do ... . 

•ugars do 

Lsh do 

'hosphoric  add do 

^otash do- . . . 

Phosphoric  add  in  ash do. . . . 

'otash  in  ash do. . . . 


Disturbed. 


Averages. 


Mean. 


Diver- 
gence 
from 


Bxtremes. 


Mini- 
mum. 


Maxi- 


9.3X        0.5X        8.39       X0.X8 

35.8  4-9  X3-3.        34.6 

Only  two  samples. 

xoo 


4-09 
93. 3x 


93 

za 

SX 

a.  78 

•45 

a.  34 

15- a5 

3.84 

xa56 

X.06 

.xs 

.76 

4a 

X 

39 

X97 

.zz 

z.8a 

a^55 

.36 

a^xs 

8.59 

.4X 

7^95 

3*44 

.14 

3.  ax 

a.  09 

.a3 

x.63 

.96 

•X7 

.68 

.64 

.06 

•45 

46 

4 

4X 

3X 

z 

38 

X.44 

44 
3.X7 
3.94 
9^36 
3.78 
3.56 

1.87 

.80 

Sa 

33 


Undisturbed. 


Averages. 


Mean. 


9^33 
37.6 


3.76 
X5.33 

X.09 
43 
X.86 
3.56 
8.6X 
3-34 
3.  z6 

x.06 

.64 

49 
30 


Divei^ 
gcnce 
tram 
mean. 


0.65 
5.7 


.66 
3.63 


Bxtroncs. 


Mjni- 
mum. 


8.38 
XS.5 


3.  OS 

ZX.68 
.83 

1.67 
0.  z8 
8.08 

x.60 
.79 
.48 

45 

a7 


Mazi- 


xajo 
38-4 


4.07 

i^64 
46 
a.  01 
3.X7 

a.  78 

i.a6 
•  79 

54 

5* 


nly  data  that  are  strictly  comparable  are  used.    Disturbed-plat  data  are  used  only  if  the  detennnw- 
for  the  corrcqx>Qding  chedc  plats  were  also  made,  and  vice  versa. 
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PHYSICAL  CHARACTERISTICS 


WBIGHT  OP  1,000  GRAINS  OP  WHEAT 


In  California  the  grains  were  almost  uniformly  plump  and  heavy,  not 
varying  far  from  30  grams  for  each  thousand,  except  in  the  case  of  the 
samples  grown  on  the  soil  obtained  from  Maryland.  In  Kansas  they 
were  less  plump,  1,000  grains  weighing  about  23  grams  in  1910, 13  grams 
in  191 1,  and  20  grams  in  1912.  In  Maryland  the  weight  of  1,000  grains 
was  quite  uniform  throughout  the  series  of  four  years.  As  a  rule,  the  size 
of  the  grains  in  each  locality  for  each  year  was  uniform,  irrespective  of 
the  type  of  soil  in  which  they  grew.  There  were,  however,  a  few  notable 
exceptions  to  this  rule:  The  grain  grown  on  Maryland  soil  in  each  year 
from  1909  to  1 91 2  in  California,  as  well  as  that  grown  on  the  Maryland 
soil  in  1 91 2  in  Kansas,  was  decidedly  lighter  in  weight  than  that  grown 
in  the  same  locality  on  the  other  soils.  This  would  seem  to  indicate  that 
some  soils  play  an  important  part  in  influencing  the  size  of  the  grain. 

Between  the  localities  there  was  usually  a  much  greater  difference  in 
theweightof  1,000  grains  thanwas  noted  between  the  soils.  (SeeTablell.) 
The  weight  of  1,000  grains,  then,  is  distinctly  dependent,  as  a  rule,  on 
climatic  or  seasonal  conditions  rather  than  on  soil  characteristics.  The 
fact  that  environment  plays  the  chief  r61e  in  influencing  the  weight  is 
again  brought  out  in  the  tables  of  averages,  which  show  a  great  difference, 
for  example,  30.2,  19. i,  and  25.6  grains  for  California,  Kansas,  and 
Maryland,  respectively,  when  averaged  by  localities  (see  Table  III),  and 
a  relative  uniformity  of  26.5,  27.9,  and  22.1  grams,  respectively,  when 
averaged  by  source  of  soil  (see  Table  IV). 

Table  I  shows  that  in  about  80  per  cent  of  the  samples  investigated 
the  weight  of  1,000  grains  of  seed  grown  on  different  soils  in  any  one 
locality  was  suflSdently  imiform  to  permit  the  conclusion  that  climate 
and  not  soil  is  the  chief  factor  affecting  the  size  of  the  grain.  Prom 
Table  III  it  is  seen  that  the  California-grown  samples  averaged  the 
heaviest  and  the  Kansas-grown  samples  the  lightest. 

WEIGHT  OP  ONB  BUSHEI,  OP  WHEAT 

The  weight  of  a  bushel  of  wheat  runs  more  or  less  parallel  with  the 
weight  of  1,000  grains.  If  the  samples  weighing  over  61  pounds  to  the 
bushel  are  compared  with  those  weighing  less  than  60  pounds,  it  will  be 
fotmd  that  the  weight  of  1,000  grains  of  the  former  was,  on  an  average, 
33.4  grams,  and  that  of  the  latter,  25  grams.  In  many  cases,  owing  to 
the  small  amount  of  material,  it  was  impossible  to  make  a  weight-by- 
bushel  determination. 

PUNTY  GRAINS 

Classifying  the  grains  of  each  sample  into  those  which  were  wholly 
dark  or  flinty  and  those  which  appeared  to  be  light  brown  or  mealy,  a 
remarkable  uniformity  is  found  in  the  groups  arranged  by  locality  in 
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which  they  grew  (see  Table  I)  and  a  dissimilarity  in  groups  arranged  by 
the  source  of  soil  (see  Table  II).  The  averages  by  localities  (see  TaUe 
III)  differ  greatly,  being  86,  99,  and  35  per  cent  for  California,  Kansas, 
and  Maryland,  respectively.  The  averages  by  soils  are  very  uniform, 
being  71,  69,  and  85  per  cent,  respectively.     (See  Table  IV.) 

These  averages  do  not  show  the  great  variations  actually  found  in  the 
different  regions  in  any  one  year,  for  seasonal  variations  of  the  individual 
localities  tend  to  equalize  the  averages.  In  Table  I,  for  example,  whik 
the  samples  grown  in  California  and  Kansas  in  1910  in  each  of  the  three 
soils  were  for  the  most  part  flinty,  those  grown  in  the  three  soils  in 
Maryland  were  all  more  or  less  starchy  or  mealy.  Similar  figures  are 
noted  in  191 1,  when  the  Kansas  samples  grown  on  all  three  soils  yielded 
wheat  which  was  practically  100  per  cent  flinty,  while  on  the  same  soils 
in  Maryland  the  percentage  of  flinty  kernels  was  less  than  half  as  great. 

CHEMICAL  coNsrrruBNTs 

In  considering  the  composition  of  the  wheat  it  will  be  seen  that  many 
of  the  organic  and  inorganic  constituents  undergo  as  great  variations  as 
have  already  been  noted  with  respect  to  the  physical  characteristics. 
On  the  other  hand,  there  are  a  number  of  these  constituents  which 
showed  very  little  variation,  or  no  regularity  in  such  variations  as  exist. 
Among  those  showing  but  little  variation  may  be  mentioned  the  gliadin 
number  and  the  potash  in  the  ash,  and  among  those  showing  no  pro- 
nounced regularity  in  the  variations  are  the  fat,  fiber,  pentosans,  and 
sugars.  With  those  exhibiting  variations  of  a  regular  character  belong 
particularly  the  nitrogen  and  protein,  the  ash,  the  phosphoric  add,  and 
the  phosphoric  acid  in  the  ash. 

PROTBIN 

As  the  protein  of  wheat  is  its  most  important  constituent,  it  will  be 
of  more  than  usual  interest  to  note  the  changes  produced  by  difference 
of  soil  and  by  change  of  environment.  As  a  rule,  there  was  a  remarkable 
uniformity  each  year  among  the  samples  grown  in  any  one  locality, 
independent  of  the  soil  upon  which  they  grew.  Thus,  in  1910,  191 1,  and 
191 2  the  protein  in  wheat  grown  in  California  was  almost  uniformly 
low,  about  13  per  cent;  in  Maryland  it  was  also  low,  about  11  per  cent; 
while  in  Kansas  it  was  high,  nearly  18  per  cent.  This  fact  is  more 
clearly  brought  out  in  Table  III,  which  shows  the  average  protein  con- 
tent to  be  13. II,  18.83,  and  12.43  per  cent  for  California,  Kansas,  and 
Maryland,  respectively. 

In  Table  IV,  where  the  results  are  arranged  according  to  source  of 
soil,  it  will  be  seen  that  the  wheats  grown  on  Califomia  soil  in  all  three 
localities  had  an  average  protein  content  of  13.88  per  cent,  those  grown 
on  Kansas  soil,  13.94  per  cent,  and  those  on  Maryland  soil,  15.44  P^  ^^^^ 
This  shows  a  rather  striking  uniformity  and  again  emphasizes  the  rela- 
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tively  small  r61e  played  by  the  soil  in  influencing  the  protein  content  of 
wheat.  There  was  a  greater  similarity  between  the  protein  contents  of 
the  samples  grown  in  Maryland  and  California,  both  relatively  humid 
regions,  than  between  the  protein  contents  of  samples  from  either  of 
these  localities  and  those  from  Kansas,  which  has  a  comparatively  dry 
climate. 

There  are  a  few  exceptions,  however,  to  the  rule  that  soil  influences  the 
composition  of  wheat  to  only  a  slight  degree.  Among  the  most  striking 
of  these  were  the  protein  results  obtained  in  1909  in  California  on  Cali- 
fornia soil,  in  1910  and  191 2  in  California  on  Maryland  soil,  as  well  as  in 
Kansas  on  Kansas  check  soil;  that  is,  4  out  of  42  cases  did  not  follow 
the  g^eneral  rule.  Since  about  90  per  cent  of  the  results  obtained  followed 
the  general  rule,  and  the  exceptions  noted  were  in  different  localities 
and  on  different  soils  and  not  always  on  the  same  soil  in  any  locality,  it 
is  probably  safe  to  assume  that  the  contrary  results  given  by  the  other  10 
per  cent  of  samples  were  accidental.  These  few  exceptions  among  the 
prevailing  regularities  may  serve  to  emphasize  the  fact,  too  frequently 
overlooked  in  plat  experiments  of  this  kind  where  many  factors  may  affect 
the  results,  that  a  regularity  needs  to  be  traced  through  a  great  number 
of  individual  instances  before  it  is  safe  to  draw  conclusions  from  it. 
Thus,  in  this  experiment  a  consideration  of  the  data  from  the  1909  crop 
alone  might  show  that  the  soil  has  a  marked  determining  influence  upon 
the  protein  content  and  that  the  California  soil  tends  to  produce  a  wheat 
of  relatively  high  protein  content.  That  such  a  conclusion  would  be 
erroneous  is  evidenced  by  practically  all  the  data  of  the  three  following 
years,  for  in  no  other  case  during  1910,  191 1,  and  1912  was  there  a  larger 
amount  of  protein  in  wheat  grown  on  the  Califomia  soil  than  in  that 
grown  on  the  two  other  soils.  In  fact,  those  wheats  were  invariably 
tower  in  protein  content. 

While  these  exceptions  may  be  considered  as  purely  accidental,  the 
following  question  is  suggested  by  such  variations  from  the  rule:  Is  there 
in  the  physical,  chemical,  or  biological  characteristics  of  the  soil  a  real 
difference  which  at  first  exerts  a  determining  influence  on  the  composi- 
tion of  the  crop,  but  which  may  be  obliterated  in  the  coturse  of  a  year  or 
two  after  putting  the  soil  down  in  a  different  locality?  Some  weight  is 
lent  to  such  a  hypothesis  by  the  fact  that  the  sUght  differences  in  protein 
content  in  the  crops  grown  in  Maryland  the  first  year  after  the  exchange 
of  soils  were  much  the  same  as  the  exceptionally  great  differences  in  the 
crops  grown  in  Califomia.  Unfortunately,  the  Kansas  crop  was  a  com- 
plete failure,  and  it  is  impossible,  therefore,  to  know  in  what  way  the 
soil  there  would  have  influenced  the  composition  of  the  crop  during  the 
first  year.  To  answer  this  question,  more  observations  during  the  first 
few  years  of  similar  soil  exchange  experiments  would  be  necessary,  using 
larger  plats  to  partly  eliminate  any  tendency  for  soils  to  equalize  after 
being  together  in  one  locality,  if  such  a  tendency  does  exist. 
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It  seems  justifiable  to  conclude  that  climate  is  the  principal  factor 
influencing  the  protein  content  of  wheat,  and  that  soils,  when  used  as  in 
this  experiment,  have  little  or  no  influence. 

GUADIN  IN  PROT8IN 

With  very  few  exceptions,  the  amount  of  alcohol-soluble  nitrogen  or 
gliadin  bore  a  close  rdation  to  that  of  total  nitrogen.  The  percents^ 
of  gliadin  in  the  wheat  grown  on  the  different  soils  in  the  three  localities 
during  the  years  1909  to  1912  remained  practically  constant  at  41  per 
cent,  except  in  the  case  of  wheat  grown  on  Maryland  soil  and  on  Cali- 
fornia check  soil  in  California  in  1909,  and  on  Maryland  soil  in  California 
in  191 1.  These  3  exceptions  out  of  42  samples  can  not  be  explained  and 
must  be  assumed  to  be  accidental.  From  Table  II  it  woidd  seem  that 
those  samples  grown  on  Maryland  soil  in  California  in  1909,  191 1,  and 
191 2  and  in  Maryland  in  191 2  formed  exceptions  to  the  rule.  When 
general  averages  are  considered,  however,  practically  no  differences  in 
gliadin  number  due  either  to  difference  of  soils  or  to  change  of  seasonal 
conditions  are  noted.  Table  III  gives  the  average  gliadin  numbers  of 
the  samples  grown  on  each  of  the  three  soils  in  California  as  41 ;  in  Kan- 
sas, 42;  and  in  Maryland,  40.  Table  IV  shows  the  gliadin  number  of 
the  wheats  grown  on  California  soil  in  each  of  the  three  localities  to  be 
42;  on  Kansas  soil,  41 ;  and  on  Maryland  soil,  40.  There  seems  to  be  a 
sHght  tendency  for  the  Maryland  soil  to  be  low  in  gliadin.  The  differ- 
ences are,  however,  small  and  probably  no  weight  should  be  given  them. 

FAT 

The  amounts  of  fat  agreed  very  closely  in  the  case  of  wheat  grown  on 
the  different  soils  in  any  one  locality,  only  3  out  of  42  samples  showing  a 
greater  variation  than  0.2  per  cent,  which  may  be  assumed  to  be  the 
limit  of  error  for  fat  determinations.  When  averaged  by  locality,  the 
results  were  1,97,  2.00,  and  1.94  per  cent  for  wheat  grown  in  California, 
Kansas,  and  Maryland,  respectively.  When  averaged  by  source  of  soils, 
the  results  were  1.93,  1.98,  and  1.97  per  cent  for  samples  grown  on  Cali- 
fornia, Kansas,  and  Maryland  soils,  respectively.  The  results  taken  as  a 
whole  indicate  that  fat  is  not  affected  to  any  great  extent  by  climatic 
or  soil  conditions. 

FIBBR 

The  fiber  showed  a  somewhat  greater  variation  in  amount  than  did 
the  fat.  The  results  2^  a  whole  indicate  that  a  greater  influence  is 
exerted  by  seasonal  or  climatic  changes  than  by  differences  in  soils. 
This  is  shown  in  Table  III,  with  the  average  fiber  content  of  2.34,  2.89, 
and  2.63  per  cent  in  the  wheats  grown  on  the  three  soils  in  California, 
Kansas,  and  Maryland,  respectively. 

The  wheat  grown  in  the  three  localities  on  California  soil  gave  2.55 
per  cent  of  fiber,  on  Kansas  soil,  2.59,  and  on  Maryland  soil,  2.73.    (See 
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Table  IV.)  These  averages  agree  with  one  another  more  closely  than 
do  those  in  Table  III,  proving  that  soils  play  a  minor  r61e  in  influencing 
the  fiber  content. 

PENTOSANS 

The  pentosan  content  followed  generally  the  fiber  content,  being  high 
where  the  fiber  content  was  high  and  low  where  the  fiber  content  was  low. 

SUGARS 

The 'sugar  content  of  the  samples  grown  in  California  was  somewhat 
higher  than  that  of  those  grown  in  Kansas  or  in  Maryland. 

ASH 

If  soil  itself  has  any  influence  on  the  composition  of  the  wheat,  it  is 
reasonable  to  expect  that  the  mineral  constituents  especially  will  be  thus 
influenced.  Even  here,  however,  in  the  case  of  ash,  the  soil  factor  is  a 
minor  or  negligible  one.  There  was  a  decided  regularity  in  the  ash 
content,  and,  like  the  physical  properties  and  the  protein  content,  this 
regularity  consisted  in  an  approximately  uniform  ash  content  of  the 
samples  grown  during  any  one  year  in  any  one  locality.  Thus,  during 
each  of  the  four  years  California  produced  from  all  soils  crops  with  a  low 
ash  content  of  about  1.9  per  cent,  while  Kansas  produced  crops  rela- 
tively higher  in  ash,  averaging  2.30  per  cent,  and  Maryland  nearly  as 
high,  varying  somewhat,  however,  from  year  to  year,  with  an  average  of 
2.22  per  cent.  The  average  ash  content  of  all  crops  grown  on  each  of 
the  three  soils,  irrespective  of  the  locality,  showed  but  slight  variation, 
being  2.13,  2.08,  and  2.16  per  cent  for  California,  ICansas,  and  Maryland 
soils,  respectively. 

PHOSPHORIC-ACID  CONTENT  OP  THE  WHOLE  WHEAT  AND  OP  THE  ASH 

In  most  cases  the  amount  of  phosphoric  add  rose  or  fell  in  the  same 
proportion  as  the  ash,  so  that  the  percentage  of  phosphoric  add  in  the 
ash  remained  practically  constant,  averaging  47  per  cent  for  California, 
45  per  cent  for  Kansas,  and  varying  from  41  to  51  per  cent  in  these  two 
localities.  The  crops  grown  in  Maryland,  however,  on  all  soils  had  a 
strangely  high  amount  of  phosphoric  add,  averaging  53  per  cent  of  the 
ash  and  varying  from  51  to  59  per  cent.  There  is  no  explanation  for 
the  fact  that  in  Maryland  all  the  soils  used  in  this  experiment  supplied 
to  the  grain  mineral  constituents  with  a  percentage  of  phosphoric  add 
much  higher  than  that  supplied  by  the  same  soils  in  Califomia  and  in 
Kansas.  It  was  apparently  due  to  some  climatic  or  seasonal  conditions 
prevailing  in  Maryland.  The  kind  of  soil  did  not,  however,  affect  the 
amount  of  phosphoric  add  in  the  wheat  or  in  the  ash,  for  Table  IV  shows 
that  the  average  in  the  wheat  grown  in  the  three  localities  on  plats  of 
Califomia  soil  was  1.04  per  cent,  on  plats  of  Kansas  soil,  1.03  per  cent, 
and  on  plats  of  Maryland  soil,  1.05  per  cent,  and  the  phosphoric  add  in 
the  ash  was  48  per  cent  in  each  case. 
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POTASH  CONTBNT  OF  THB  WHOLS  WHBAT  AND  OF  THB  ASH 

The  potash  in  the  wheat,  like  the  total  ash,  was  seemingly  influenced 
more  by  climatic  and  seasonal  variations  than  by  the  soil,  so  that  the 
amoupt  of  potash  in  all  samples  rose  or  fell  in  practically  the  same  pro- 
portion as  the  amount  of  total  ash,  and  the  percentage  of  potash  in  the 
ash — about  30  per  cent — remained  very  nearly  constant  for  all  localities, 
soils,  and  seasons  included  in  the  experiment.  This  is  further  shown  by 
the  similarity  of  the  averages,  whether  by  locality  (see  Table  III),  with 
averages  of  29,  30,  and  30  per  cent  for  California,  Kansas,  and  Maryland, 
respectively,  or  by  soils  (see  Table  IV)  with  averages  of  30,  29,  and  29 
per  cent,  respectively. 

CORRELATION  BETWEEN    PHYSICAI^  PROPERTIES    AND  CHEMICAI^ 
CONSTITUENTS 

Although  the  relationship  or  interdependence  between  the  physical 
properties  and  chemical  constituents  does  not  show  in  these  results  as 
markedly  as  might  be  expected,  such  relationships  may  be  distinctly 
traced  in  some  of  the  constituents.  Thus,  as  has  often  been  pointed  out 
by  othefS,  a  distinct  correlation  exists  between  the  protein  content  and 
the  ph)rsical  appearance  or  between  the  protein  content  and  the  weight 
of  1,000  grains,  high  protein  being  more  or  less  parallel  with  flintiness 
and  with  lightness  of  grains.  The  table  of  averages  (see  Table  III)  shows 
that  the  Kansas  samples,  containing  18.83  per  cent  of  protein,  averaged 
99  per  cent  of  flinty  grains  and  weighed  at  the  rate  of  19.1  grams  for 
1,000  grains,  while  the  Maryland  samples,  containing  12.43  per  cent  of 
protein,  averaged  but  35  per  cent  of  flinty  kernels  and  weighed  25.6  grams 
for  1 ,000  grains,  and  the  California  samples,  containing  13.11  per  cent  of 

I  protein,  averaged  86  per  cent  of  flinty  grains  and  weighed  as  high  as  30.2 

grams  for  i  ,000  grains.  The  results  in  Table  IV  show  a  similar  tendency 
in  these  respects,  the  samples  grown  on  Maryland  soils  in  the  three  locali- 
ties being  somewhat  richer  in  protein  and  having  at  the  same  time  more 
flinty  kernels  and  weighing  less  for  each  1,000  grains  than  the  samples 

I  grown  on  Califomia  or  Kansas  soils.     The  differences  in  this  case,  how- 

ever, were  very  much  less  notable  than  those  due  to  climatic  variations. 
(See  Table  III.)  There  was  a  less  noticeable  parallelism  between  the 
fiber  and  pentosans,  a  high  fiber  content,  as  a  rule,  being  accompanied  by 
a  high  pentosan  content,  and  vice  versa.  The  California-grown  samples, 
which  were  the  heaviest,  contained  the  smallest  amount  of  fiber  and  pen- 
tosans, while  the  Kansas  samples,  which  were  the  lightest,  contained  the 
greatest  amount. 
The  fact  that  the  ash  and  protein  contents  were  low  in  the  Califomia- 

\  grown  samples  and  high  in  the  Kansas-grown  samples  might  lead  one  to 

\  expect  that  the  ash  was  a  function  of  the  protein  content.    This  is  not 

borne  out  by  an  examination  of  Table  III,  where  it  is  seen  that  the  ash 
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of  the  samples  grown  in  Maryland  was  appreciably  higher  than  that  of 
the  samples  grown  in  California,  while  the  protein  of  the  former  was  less 
than  that  of  the  latter.  On  the  other  hand,  the  ash  content  of  the 
Kansas  samples  was  only  slightly  higher  than  that  of  the  Maryland-grown 
samples,  although  the  protein  content  of  the  former  was  50  per  cent 
higher  than  that  of  the  latter. 

COMPARISON    BETWEEN    RESUI<TS    FROM    DISTURBED    AND    UNDISTURBED 
PLATS  OP  THE  SAME  SOn. 

Attention  has  thus  far  been  directed  primarily  to  the  composition  of 
the  wheat  samples  grown  for  several  years  in  each  locality  on  each  of  the 
three  soil  plats  which  had  been  taken  up  in  3-inch  layers  and  interchanged 
among  the  three  localities.  As  previously  mentioned,  a  check  plat ' 
of  equal  size,  in  which  the  soil  had  not  been  disturbed,  was  planted  each 
year  in  each  locality,  and  samples  from  it  were  analyzed  for  comparison. 
A  fear  that  manipulation  of  the  soil  would  produce  abnormal  conditions, 
influencing  the  character  of  the  crop,  was  not  justified  by  these  results 
(Table  V),  at  least  not  as  evidenced  by  the  physical  appearance  and  the 
chemical  composition.  The  slight  differences  between  the  crops  from  the 
disturbed  and  undisturbed  plats  of  the  same  soil  are  apparently  either 
accidental  or  due  to  errors  in  sampling  or  in  analysis.  This  is  further  borne 
out  by  the  results  from  both  the  seed-exchange  experiments  *  and  from 
the  soil-exchange  experiments  (pp.  278-28 1 ) .  It  is  simply  a  verification  of 
the  conclusion  already  drawn,  that  the  soil  factor  plays  but  a  very  sub- 
ordinate part  or  is  entirely  devoid  of  influence  in  determining  these 
characteristics  in  the  crop. 

Such  great  differences  exist  in  respect  to  one  constituent,  however, 
that  they  must  be  classed  as  exceptions  to  the  rule.  The  percentage  of 
phosphoric  add  averaged  0.96  per  cent  in  the  samples  from  disturbed 
plats  and  1.06  per  cent  in  those  from  undisturbed  plats,  or,  if  expressed 
as  the  percentage  of  phosphoric  add  in  the  ash,  it  is  46  and  49  per  cent, 
resp)ectivdy.  It  might  seem  that  the  undisturbed  soil  could  give  a  little 
more  phosphoric  add  to  the  grain  than  the  disturbed  soil.  These  dif- 
ferences, being  only  slightly  greater  than  the  limit  of  error  in  analytical 
work,  probably  have  no  significance. 

CONCLUSIONS 

As  is  to  be  expected  in  plat  work  in  the  fidd,  especially  with  such  small 
plats  as  were  used  for  these  experiments,  there  are  many  variations  in  the  re- 
sults which  seem  acddental,  in  that  they  can  not  be  interpreted  according 
to  any  definite  law.  There  are,  however,  certain  variations  which  appear 
with  such  regularity  that  important  condusions  may  be  drawn  from  them. 

An  inspection  of  the  tables  should  show  whether  dimatic  conditions 
or  soil  characteristics  have  a  strong  determining  influence  upon  the 

1  Le  Clerc  and  lAAvitt,    Op.  cit. 
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properties  or  composition  of  the  crop.  If  the  adjacent  data  in  Table  I 
under  each  locality  are  similar  and  distinctly  milike  the  corresponding 
group  in  another  region,  it  is  evident  that  the  locality — that  is,  the  cli- 
mate— has  exerted  a  strong  influence.  Likewise,  if  a  similarity  exists  in  the 
data  in  the  adjacent  columns  in  Table  II  as  regards  crops  from  the  same 
soil  and  there  is  a  distinct  difference  between  them  and  the  corresponding 
data  from  other  soils,  it  is  clear  that  the  soils  in  themselves  have  a  deter- 
mining influence,  regardless  of  the  locality  in  which  the  soils  happen  to  be. 

To  avoid  erroneous  conclusions  concerning  any  property  or  constituent, 
due  to  accidental  differences  occurring  in  individual  groups  of  data,  it  is 
necessary  to  make  a  survey  of  all  the  data  on  hand  regarding  that  prop- 
erty or  constituent.  In  a  measure  the  averages  drawn  from  the  several 
groups  of  data  furnish  quantitative  values  which  may  indicate  the  per- 
sistence or  the  nonpersistence  of  such  differences.  The  average  diver- 
gences from  these  means,  together  with  the  minima  and  the  maxima, 
supply  further  quantitative  evidence  along  this  line.  Such  averages 
and  the  corresponding  minima  and  maxima  are  brought  together  in 
Tables  III,  IV,  and  V. 

This  experiment,  covering  a  period  of  four  years,  in  which  three  fairly 
good  wheat  soils,  one  each  from  California,  Kansas,  and  Maryland,  were 
put  down  side  by  side  in  each  of  these  three  localities  and  cropped  with 
the  same  variety  of  wheat,  shows  that  the  soil  does  not  exert  the  chief 
or  preponderating  influence  in  determining  the  ph3rsical  properties  or  the 
chemical  constituents  of  the  grain  crop.  No  attempt  has  been  made  to 
trace  out  from  these  experiments  the  manner  in  which  the  climatic  factors 
thus  exert  the  chief  determining  influence  on  the  composition  of  the 
wheat  crop.     The  following  possibilities  may,  however,  be  considered: 

(i)  Differences  in  humidity  may  cause  a  difference  in  the  transpiration 
of  the  plants,  which  in  turn  may  react  on  the  composition  of  the  crop. 

(2)  Variations  in  the  amount  and  distribution  of  sunlight  may  influence 
diversely  the  photosynthesis  of  the  plants. 

(3)  Differences  in  temperature  and  in  the  succession  of  hot  and  cold 
periods  may  cause  varying  vegetative  activities  in  the  plants. 

(4)  The  climatic  differences,  such  as  the  humidity,  rainfall,  temper- 
ature, and  sunlight,  may  bring  about  changes  in  the  physical,  chem- 
ical, or  biological  characteristics  of  the  soil  which  in  turn  may  react  on 
the  crop. 

From  this  it  should  not  be  assumed  that  it  is  impossible  for  soil  which 
has  been  transferred  from  one  locality  to  another  to  become  so  changed 
by  climatic  environment  that  the  character  of  the  wheat  grown  thereon 
would  be  approximately  the  same  as  that  grown  in  soil  belonging  to 
the  second  locality.  This  has  been  suggested  to  explain  the  facts  ob- 
served during  this  experiment — namely,  that  wheats  grown  on  the  three 
soils  in  Kansas  are  very  different  from  the  same  variety  of  wheat  grown 
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on  the  same  soils  transported  to  Maryland.  In  view  of  the  further  fact, 
generally  accepted  by  agriculturists,  that  the  same  variety  of  wheat 
grown  over  certain  large  areas  having  similar  dimatic  conditions  pos- 
sesses approximately  the  same  physical  and  chemical  characteristics, 
notwithstanding  the  inherent  differences  in  soil  on  which  they  were 
grown  or  the  differences  of  fertilizers  applied  to  these  soils,  it  would 
seem  that  climate  plays  a  greater  r61e  than  soils  as  such  in  influencing 
the  composition  of  wheat. 

Of  the  biological  factors,  those  bearing  on  nitrification  might  be  the 
most  influential  in  affecting  the  protein  content  of  the  crop.  Yet  it  is 
a  noteworthy  fact  that  the  application  of  nitrate  as  a  fertilizer  increases 
the  protein  content  of  the  crop  to  only  a  slight  degree.  Considering  the 
great  difference  existing  between  the  protein  of  the  Maryland  and  Kan- 
sas crops,  it  may  therefore  be  concluded  that  even  if  nitrification  were 
greater  in  Maryland  soil  transferred  to  Ilansas  than  in  Maryland  soil  in 
Maryland,  that  fact  would  not  be  suf&dent  to  explain  the  wide  variation 
between  the  composition  of  the  wheat  grown  on  the  four  plats  in  Mary- 
land and  on  the  four  plats  in  Kansas. 

It  is  also  shown  that  the  crops  from  the  plats  which  had  been  taken 
up  in  3-inch  layers  and  replaced  had  approximately  the  same  physical 
and  chemical  characteristics  throughout  as  the  crops  from  the  corre- 
sponding plats  which  had  not  been  thus  disturbed.  On  the  other  hand, 
it  is  shown  that  the  climatic  factors  collectively  have  a  strong  determin- 
ing influence,  especially  upon  the  crude-protein  content,  the  ash  content, 
and  the  percentage  of  phosphoric  add  in  the  ash.  The  results  from 
this  experiment  thus  harmonize  with  the  findings  previously  published  ^ — 
namely,  that  environment  rather  than  what  has  been  usually  termed 
heredity  is  the  major  factor  in  determining  the  physical  and  chemical 
characteristics  of  the  wheat  crop.  They  indicate,  further,  that  it  is  the 
climatic  environment  which  exerdses  the  primary  influence  of  the  envi- 
ronmental factors. 


17073—14- 


^  he  Ckrc  and  Leavitt.    Op.  dt. 
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A  DROUGHT-RESISTING  ADAPTATION   IN  SEEDLINGS 

OF  HOPI  MAIZE 

By  G.  N.  Collins, 

Botanist,  Office  of  AccUmatization  and  Adaptation  of  Crop  Plants, 

Bureau  of  Plant  Industry 

INTRODUCTION 

A  study  of  the  maize  grown  by  the  Hopi,  Zuni,  and  Navajo  Indians  of 
New  Mexico  and  Arizona  has  b/ought  to  light  an  adaptive  character  that 
promises  to  be  of  economic  importance  in  dry  regions  where  germination 
is  micertain. 

These  southwestern  Indians  have  preserved  from  pre-Columbian  times 
a  type  of  maize  able  to  produce  fair  crops  in  regions  where  the  better 
known  varieties  of  the  East  fail  for  lack  of  sufficient  water.  An  impor- 
tant factor  in  the  drought  resistance  of  this  type  of  com  is  its  ability  to 
force  the  growing  shoot  of  the  seedling  to  the  surface  of  the  soil  when 
planted  at  a  depth  of  a  foot  or  more.  At  such  depths  less  specialized 
varieties  die  before  reaching  the  surface. 

The  literature  of  com  contains  reports  of  many  experiments  conducted 
to  determine  the  proper  depth  of  planting,  but  the  results  are  confusing 
and  contradictory.  It  has  generally  been  realized  that  the  optimum  depth 
is  influenced  by  differences  in  soil  and  climate,  but  that  the  proper  depth 
might  vary  with  different  varieties  seems  not  to  have  been  appreciated. 
The  experiments  referred  to  later,  as  well  as  many  unpublished  data 
showing  the  varying  behavior  of  types  when  planted  at  different  depths, 
indicate  that  it  is  unsafe  and  unscientific  to  generalize  with  respect  to 
cultural  factors  without  taking  type,  varietal,  and  even  individual  differ- 
ences into  account. 

MORPHOLOGY  OF  THE  MAIZE  SEEDLING 

To  explain  this  drought-resistant  character,  it  will  be  necessary  to 
discuss  briefly  the  different  parts  of  a  maize  seedling.  (See  fig.  i.)  The 
primary  root,  or  radicle,  which  is  the  first  organ  to  emerge  from  the  ger- 
minating seed,  is  soon  followed  by  the  shoot  or  plumule.  Inclosing  the 
shoot  is  the  cotyledonary  sheath,  or  coleoptyle,  a  tubular  organ  which 
is  closed  and  pointed  at  the  upper  end.  Between  the  base  of  the  coleop- 
tyle and  the  seed  the  axis  is  somewhat  elongated.  With  seeds  germinated 
in  the  laboratory  this  elongation  is  so  slight  that  it  might  easily  be  over- 
looked. Nevertheless,  this  small  organ  has  not  escaped  the  notice  of  mor- 
phologists,  and  its  nature  has  been  the  subject  of  much  discussion.     It  has 
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been  variously  called  "hypocotyl,"  "mesocotyl,**  and  "epicotyl."    By 
some  it  is  held  to  be  an  intemode,  by  others  merely  an  elongated  node. 

The  choice  of  a  name  for  the  organ  depends  on  the  interpretation  (rf 
the  homologies  of  the  other  parts  of  the  embryo,  particularly  as  to  what 
is  considered  as  constituting  the  cotyledon.  If  the  sheath,  or  coleoptyle, 
be  thought  of  as  the  cotyledon,  the  most  appropriate  name  woidd  be 
hypocotyl.  Although  this  interpretation  was  accepted  by  Richard 
(1811),*  Hofmeister  (1858),  and  Sachs  (1875),  there  seems  to  be  littje 
evidence  in  its  favor  and  it  is  summarily  dismissed  by  other  mor- 
phologists. 

The  two  remaining  views  are  as  follows: 

(i)  The  scutellum  alone  is  the  cotyledon,  the  epiblast  (absent  in 
maize)  representing  a  second  leaf  and  the  coleoptyle  a  third.  The  elon- 
gated axis  between  the  coleoptyle 
and  scutellum  is  thus  considered  an 
intemode  and  is  then  given  the  name 
"epicotyl."  Among  the  supporters 
of  this  hypothesis  are  the  following: 
Warming  (1879-80),  Hackel  (1887), 
Bruns  (1892),  Van  Tieghem  (1897). 
and  Holm  (1908-9). 

(2)  All  these  organs,  scutellum, 
epiblast,  and  coleoptyle,  are  viewed 
as  parts  of  a  more  highly  specialized 
cotyledon,  in  which  case  the  term 
**mesocotyr'  is  appUed  to  the  portion 
between  the  coleoptyle  and  scutellum. 
With  various  modifications  this  last 
interpretation  is  adopted  by  Van 
Tieghem  (1872),  Hagelmaier  (1874), 
Klebs  (1881),  SchUckum  (1896),  Celakovsk^  (1897),  and  Goebel  (1905). 
Van  Tieghem  originally  subscribed  to  the  view  that  the  coleoptyle  was 
a  part  of  the  cotyledon,  but  as  a  result  of  ftulher  investigations  aban- 
doned that  position  and  adopted  a  modification  of  the  views  of  Warming 
to  the  effect  that  the  mesocotyl  and  coleoptyle  represent  a  metamer  dis- 
tinct from  the  scutellum.  The  epiblast  he  held  to  be  a  rudimentary 
second  cotyledon.  Van  Tieghem  carried  this  interpretation  to  its  logical 
conclusion  and  adopted  the  view  that  the  apparent  similarity  between 
the  grasses  and  other  monocotyledons  did  not  represent  homologies,  but 
that  the  two  groups  were  phylogenetically  distinct.  He  further  held,  on 
the  strength  of  anatomical  differences,  that  the  portion  of  the  axis 
between  the  scutellum  and  the  coleoptyle  is  in  some  grasses  an  intemode 
and  in  others  an  enlongated  node.  The  evidence  regarding  the  mor- 
phology of  the  mesocotyl  appears  so  conflicting  that  a  definite  interpreta- 
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Pig.  z. — Diagram  of  seedlins:  maize  plant, 
giving  terminology  of  parts. 


*  For  "  literature  cited  "  see  p.  301. 
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tion  satisfactory  to  all  morphologists  seems  very  remote.  With  organs 
that  pertain  to  the  very  beginnings  of  the  plant,  even  the  primary  dif- 
ferentiation into  root,  stem,  and  leaves  may  not  be  complete,  and  to 
insist  on  a  definite  classification  of  these  primitive  organs  may  be  idle. 

Studies  of  seedlings  of  Hopi  maize  show  that  the  mesocotyl  may  fre- 
quently develop  up  to  lengths  of  36  cm.,*  and  it  has  been  possible  to  note 
a  fact  which  appears  thus  far  to  have  escaped  notice — namely,  that  the 
mesocotyl  may  give  rise  to  roots  at  any  point  on  its  surface — ^but  these 
roots  are  threadlike  and  do  not  resemble  the  roots  that  arise  from  the 
nodes  of  the  culm.  They  do,  however,  closely  resemble  the  roots  that 
arise  from  the  radicle  immediately  below  the  seed.  (See  PL  XXIX, 
fig.  I.)  In  grasses  roots  usually  arise  from  nodes,  not  from  intemodes, 
and  the  presence  of  roots  on  this  organ  in  maize  distinguishes  it  sharply 
from  subsequent  intemodes  and  is  an  argument  in  support  of  the  inter- 
pretation that  this  intercalary  growth,  long  though  it  is,  is  really  a  part 
of  the  cotyledon  and  may  properly  be  termed  a  mesocotyl.  A  further 
reason  for  retaining  the  term  "mesocotyl**  is  because  the  interpretation 
implied  by  its  use  permits  more  direct  comparisons  with  other  groups 
of  monocotyledonous  plants,  where  the  organ  sheathing  the  plumule 
seems  tmdoubtedly  to  be  a  part  of  the  cotyledon. 

From  observations  upon  many  varieties  of  maize  it  has  become  appar- 
ent that  when  a  grain  of  com  germinates  in  the  ground  this  usually  insig- 
nificant organ  is  of  vital  im^rtance  to  the  life  of  the  plant,  for  it  is 
through  the  elongation  of  the  mesocotyl  that  the  shoot  is  enabled  to 
reach  the  surface.  So  long  as  the  seedling  remains  below  ground,  away 
from  light,  the  mesocotyl  will  continue  to  elongate  until  it  reaches  a 
maximum  length,  which  we  have  found  to  differ  in  different  varieties, 
but  which  seems  reasonably  constant  within  the  variety.  As  the  meso- 
cotyl elongates,  the  coleoptyle,  with  its  firm,  sharp  point,  is  pushed 
upward  through  the  soil.  As  soon  as  the  coleoptyle  emerges  from  the 
soil,  the  elongation  of  the  mescotyl  ceases,  and  elongation  of  the  inter- 
node  bearing  the  first  true  leaf  begins,  forcing  open  the  coleoptyle. 

If  the  seed  is  planted  so  deep  that  the  maximum  elongation  of  the 
mesocotyl,  which  in  anatomical  stmcture  shows  a  striking  relation  to  the 
radicle,  fails  to  bring  the  coleoptyle  to  the  surface,  the  task  of  penetrating 
the  soil  and  reaching  light  devolves  upon  the  first  tme  leaves.  In  com- 
parison with  the  sharp  coleoptyle,  these  leaves  are  but  poorly  adapted 
for  forcing  their  way  through  the  soil,  and  if  the  tip  of  the  coleoptyle 
stops  more  than  a  few  centimeters  below  the  surface  these  leaves  usually 
crumple  and  never  reach  the  light. 

In  the  varieties  of  maize  commonly  grown  we  have  been  unable  to  force 
the  mesocotyl  to  a  length  greater  than  10  cm.,  while  in  the  Hopi  and 
Navajo  varieties  this  usually  minute  organ  has  in  our  experiments  fre- 
quently reached  the  enormous  length  of  25  or  even  30  cm. 

I  In  Budikeoa  alto  tlie  mesocotyl  may  reach  a  lencUi  of  98  cm.  Van  Tiei^cm  gives  3  cm.  as  Uie  masd- 
omm  IcneUi  of  this  organ  in  grasses. 
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GERMINATION  OF  NAVAJO  MAIZE 

It  has  been  frequently  stated  that  the  Navajos,  like  their  neighbors, 
the  Hopi  and  Zunis,  plant  maize  at  unusual  depths,  15,  30,  and  even  45 
cm.  having  been  reported.  Since  planting  at  such  depths  is  known  to 
be  impracticable  with  other  varieties,  experiments  were  planned  to  test 
the  ability  of  the  Navajo  maize  *  to  pierce  the  soil.  A  representative 
experiment  is  here  reported.  A  box  70  cm.  long,  33  cm.  wide,  and  34 
cm.  deep  was  sunk  in  the  ground.  A  quantity  of  sandy-loam  soil 
sufficient  to  fill  the  box  was  slightly  moistened  and  carefully  sifted.  At 
one  end  the  box  was  filled  to  within  i  cm.  of  the  top,  the  soil  sloping  in 
a  straight  line  to  within  i  cm.  of  the  bottom  at  the  other  end. 


Fig.  a. — Diagnun  ahowing  the  average  size  d  seedlings  d  Chinese,  Boone  County  White,  and  Navajo 
maize  planted  at  dififerent  depths. 

Five  seeds  each  of  Navajo,  Boone  County  White,  and  Chinese  maize 
were  placed  in  a  row  transverse  to  the  inclined  surface  of  the  soil,  2  cm. 
from  the  top  of  the  box.  A  similar  row  was  planted  at  a  depth  of  4 
cm.  from  the  top,  and  so  on  at  the  following  depths:  6,  8,  10,  12,  16, 
20,  24,  28,  and  32  cm.  The  box  was  then  filled  with  the  soil  and  struck 
off  level  with  the  top.  The  seeds  germinated  promptly,  and  when  the 
most  advanced  seedlings  had  reached  a  total  height  of  about  60  cm. 
the  plants  which  appeared  above  the  surface  were  dug  up,  and  the 
mesocotyl  and  coleoptyle  were  measured.     (See  Table  I  and  fig.  2.) 

1  In  the  fall  of  191  a  Messrs.  Walter  T.  Swingle  and  Karl  P.  Kdlerman  visited  the  region  about  Shiprodc. 
K.  Mex. .  in  the  Xavajo  Reservation  and  sectired  specimen  ears  of  the  maize  grown  by  the  Navajos.  This 
collection  was  kindly  placed  at  the  disposal  of  the  writer.  Additional  seed  was  later  secured  tlnougli  the 
courtesy  of  Mr.  William  T.  Shehon.  Indian  agent  at  Shiprock. 
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Tablb  I. — Aver€ige  nuasuremetits  of  seedlings  of  Chinese,  Boone  County  White ,  and 
Navajo  maize  planted  at  different  depths. 


Depth. 

Chinese. 

Boone  County  White. 

Navajo. 

Cole- 

Meso- 
cotyL 

Cokop- 
tyle 
and 
meso- 
cotyl. 

Cole- 
tyle. 

Meso- 
ootyL 

Cokop- 
tyle 
and 

cotyL 

Cole, 
tyle. 

Meso- 

cotyl. 

Coleop- 
tyle 
and 
meso- 
cotyl. 

Cm. 

2 

4 
6 
8 
10 
12 
16 
20 

24 
28 

32 

Cm. 
2.3 

1:1 

2.5 
3-2 
4.0 

Cm. 
2.3 
3-5 
50 

5.8 
5-2 

Cm. 
4.6 
6.0 
7.8 

8.9 
9-2 

Cm. 

3-7 
31 
3.4 
2.8 

31 
3.4 
4.6 

4.5 

Cm. 
3-2 

t.\ 
U 

ia4 
12.4 
10.9 

Cm. 
6.9 

ao 

9-5 
ia2 

"a 

17.0 
IS- 4 

Cm. 

5-5 
4.3 

5-2 

4.9 
5-6 
5-0 
4.3 
4.7 
5-2 
5.6 
6.5 

Cm. 

il 

la  2 
II.  0 

12.2 

15. 1 
17.5 
19.7 
23.0 

26.5 

29.0 

Cm. 

'"^^ 
ia8 

15-4 

15.9 
17.8 

2a  I 
21.8 
24.4 
28.2 
32.1 
35-5 

Twelve  cm.  was  the  greatest  depth  from  which  seedlings  of  the  Chinese 
variety  appeared  at  the  surface.  Seedlings  of  Boone  G>unty  White  ap- 
peared from  all  depths  up  to  20  cm.,  while  plants  of  Navajo  maize 
appeared  from  all  plantings,  including  the  very  deepest,  32  cm. 

There  were  numerous  instances  in  which  the  combined  length  of  the 
mesocotyl  and  coleoptyle  was  less  than  the  depth  at  which  the  seed  was 
planted.  This,  of  course,  means  that  the  upper  layers  of  the  soil  were 
penetrated  by  the  true  leaves.  The  maximum  depth  of  soil  thus  pene- 
trated by  the  true  leaves  of  the  plants  of  the  Chinese  variety  was  5 
cm.  One  plant  of  Boone  County  White  maize  forced  its  leaves  through 
8  cm.  of  soil.  In  all  of  the  Navajo  plants  the  coleoptyle  reached  the 
surface. 

The  extent  to  which  the  seedlings  of  the  Chinese  and  Boone  County 
White  varieties  were  able  to  penetrate  the  soil  by  means  of  the  true 
leaves  was  doubtless  much  greater  in  the  carefully  prepared  soil  of  the 
experiment  than  it  would  be  under  field  conditions,  where  any  slightly 
compacted  lump  of  soil  would  deflect  the  tender  leaves  and  cause  them 
to  crumple.  On  the  other  hand,  many  seedlings  failed  to  come  up  where 
there  was  less  than  2  cm.  between  the  top  of  the  coleoptyle  and  the 
surface  of  the  ground.  The  results  clearly  show  that  the  coleoptyle 
is  the  proper  organ  for  penetrating  the  soil,  and  where  this  office  devolves 
upon  the  leaves  there  will  be  many  plants  that  fail  to  reach  the  surface. 

It  has  been  observed  in  many  field  plantings  that  the  spatulate  first 
leaf,  formerly  called  the  cotyledon,  is  the  first  evidence  of  the  germinating 
plant.  When  this  occurs  in  any  considerable  proportion  of  the  plants, 
it  is  safe  to  assume  that  the  seed  has  been  planted  too  deep  for  the  best 
results. 
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The  three  types  of  maize  used  in  the  box  experiment  were  also  planted 
in  the  field.  Four  seeds  of  each  of  the  varieties  were  planted  as  follows: 
At  the  surface  and  at  5,  10,  20,  30,  and  40  cm.  below  the  surface. 
The  greatest  depth  from  which  plants  of  the  Chinese  variety  reached  the 
surface  was  10  cm.,  that  of  the  Boone  County  White  v^as  20  cm., 
while  that  of  the  Navajo  was  30  cm. 

The  seeds  planted  at  the  surface  were  naturally  the  first  to  appear, 
but  on  June  17,  one  month  after  planting,  the  largest  of  the  Chinese 
variety  were  those  from  a  depth  of  5  cm.,  while  the  largest  plants 
of  both  the  Boone  Coimty  White  and  the  Navajo  maize  were  from  the 
lo-cm.  depth.  On  July  11  the  plants  that  came  up  from  a  depth 
of  10  cm.  were  the  tallest  in  all  the  varieties,  including  the  Chinese, 
and  to  the  end  of  the  season  this  appeared  the  most  favorable  depth  for 
the  Chinese  and  Boone  County  White  varieties.  With  the  Navajo, 
however,  the  plants  from  a  depth  of  20  cm.  had  equaled  those  from  the 
lo-cm.  depth  before  the  end  of  July,  and  from  that  time  the  plants  from 
the  2c>-cm.  planting  continued  to  make  the  most  rapid  growth,  as 
though  this  depth  represented  the  most  favorable  condition  for  the 
Navajo  variety. 

DESCRIPTION  OF  ROOT  SYSTEM 

We  have  observed  further  that  the  root  systems  of  the  Navajo,  Hopi, 
and  Zuni  varieties  differ  from  those  of  the  other  varieties;  the  roots 
of  their  seedlings  extend  to  a  greater  depth,  and  there  is  only  a  single 
root  arising  from  each  seed,  while  in  the  seedlings  of  the  Chinese  and 
Boone  County  White  varieties  the  roots  are  shorter  and  more  numerous. 

The  roots  of  maize  are  of  two  kinds:  Those  that  arise  from  the  embryo 
or  seed,  called  ''seminal  roots,"  and  those  produced  from  the  nodes  of  the 
plant.  Of  the  latter  class  those  that  arise  from  the  nodes  above  the 
ground  are  often  called  "brace  roots"  or  "aerial  roots."  In  the  varieties 
commonly  grown  in  the  United  States  there  are,  in  addition  to  the  pri- 
mary root,  or  radicle,  from  two  to  six  additional  roots  that  arise  from  the 
base  of  the  cotyledon.  These  secondary  seminal  roots,  though  appearing 
somewhat  later,  usually  equal  or  exceed  the  radicle  in  size.  In  the 
Pueblo  varieties  of  maize  these  secondary  seminal  roots  have  been  absent 
in  all  seedlings  thus  far  examined,  the  radicle  being  the  only  root  arising 
from  the  seed.     (See  Pis.  XXIX  and  XXX,  fig.  2.) 

FIELD  STUDIES  OF  PUEBLO  VARIETIES  OF  MAIZE 

In  September,  191 3,  opportunity  was  afforded  for  a  visit  to  the  Zuni, 
Navajo,  and  Hopi  Indian  Reservations  of  Arizona  and  New  Mexico.  It 
was  thus  possible  to  form  some  idea  of  the  agricultural  significance  of  the 
peculiar  habits  of  germination  of  this  type  of  maize. 

The  value  of  deep  planting  made  possible  by  the  greatly  elongated 
mesocotyl  was  obvious.     In  the  localities  selected  by  the  Indians  for 
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planting  maize  the  soil  is  sandy,  and  in  the  absence  of  spring  rains  the 
surface  layers  are,  of  course,  very  dry.  (See  PI.  XXXI,  figs,  i  and  2.) 
The  seed,  to  geiminate  at  all,  must  be  planted  deep  enough  to  be  in  con- 
tact with  the  moist  soil.  In  Navajo  fields  near  Tohatchi,  N.  Mex.,  plants 
were  dug  up,  and  the  remains  of  seeds  were  found  at  depths  ranging  from 
13  to  18  cm.  below  the  surface.  Similar  depths  were  found  in  a  Zuni  field 
near  Black  Rock,  Ariz.  (See  PI.  XXXI,  fig.  i.)  In  a  Hopi  field  at 
Polacca,  Ariz.,  near  the  First  Mesa,  where  the  conditions  are  extreme, 
the  seed  had  been  planted  at  a  depth  of  25  cm.  (See  PI.  XXX,  fig.  i.) 
It  thus  appears  that  there  is  no  fixed  depth  for  planting,  the  custom  being 
to  plant  deep  enough  to  place  the  seed  in  moist  soil.  If  the  seed  were 
planted  at  ordinary  depths,  germination  might  be  delayed  until  the 
latter  part  of  June  or  the  first  of  July,  at  which  time  the  rains  usually 
occur;  or  if  the  seeds  germinated  as  a  result  of  one  of  the  occasional 
showers  occurring  in  May,  the  plants  would  die  from  subsequent  desic- 
dation. 

Like  the  long  mesocotyl,  the  simple  radicle  of  the  Pueblo  varieties  of 
maize  may  be  looked  upon  as  an  adaptation  to  the  extreme  conditions  that 
exist  where  these  types  are  grown.  For  six  or  eight  weeks  after  planting, 
no  rain  can  reasonably  be  expected,  and  during  this  time  the  moisture 
is  constantly  receding  from  the  surface.  By  concentrating  the  energy 
of  the  seedling  into  a  single  root  the  latter  is  forced  to  greater  depths  and 
consequently  kept  in  moister  soil  than  would  be  the  case  were  a  number 
of  seminal  roots  developed. 

Under  ordinary  conditions,  where  moisture  is  distributed  through  the 
entire  seed  bed,  the  seminal  roots  become  of  little  importance  as  soon  as 
the  seedling  is  established  and  nodal  roots  have  developed.  If  a  half- 
grown  or  nearly  mature  com  plant  is  carefully  dug  up,  the  seminal  roots 
and  traces  of  the  seed  can  still  be  found,  but  they  are  usually  dry  and 
shrunken  and  are  obviously  of  Uttle  use  to  the  plant.  This  was  also  the 
condition  found  in  Navajo  and  Zuni  maize  fields,  though  the  seminal 
root  was  more  strongly  developed  than  in  the  eastern  varieties.  (See 
PI.  XXIX,  fig.  2.)  But  in  the  more  extreme  conditions  existing  in  the 
fields  near  the  Hopi  villages,  where  the  seeds  were  planted  deeper,  it  was 
found  that  the  seminal  roots  were  relatively  much  larger  and  were  still 
alive  and  fresh,  making  it  apparent  that  they  retain  their  function  of 
supplying  moisture  and  are  able  to  play  an  important  part  during  the 
entire  life  of  the  plant. 

In  one  Hopi  field  at  the  base  of  the  First  Mesa  the  hills  of  maize  were 
planted  about  20  feet  apart,  with  from  10  to  20  plants  in  a  hill.  The 
soil  was  apparently  pure  sand  washed  down  by  the  winter  rains  and 
entirely  destitute  of  v^;etation  other  than  the  planted  maize.  An 
average  hill  dug  up  in  the  field  was  found  to  contain  15  plants  ranging 
from  60  to  90  cm.  in  height.  (See  PI.  XXX,  fig.  i .)  The  remains  of  the 
seeds  were  found  at  25  cm.  from  the  surface,  and  from  each  seed  there 
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descended  a  single  large  seminal  root.  (See  PI.  XXX,  fig.  2.)  These 
seminal  roots  were  traced  to  a  depth  of  35  cm.  and  extended  even  farther 
down.  They  were  still  fresh  and  densely  covered  with  fine  branches. 
This  mass  of  15  seminal  roots,  while  less  in  volume  than  the  nodal  roots 
arising  near  the  surface,  was  apparently  pla3ring  an  important  part  in  the 
support  of  the  plants.  The  mesocotyls  connecting  the  seminal  roots 
with  the  plants  above,  while  dry  on  the  outside,  were  filled  with  live 
tissue  quite  unlike  the  dry  and  shrunken  mesocotyls  found  in  plants  of 
similar  age  grown  under  more  favorable  conditions. 

When  planted  by  the  Indian  methods,  the  Hopi  and  Navajo  varieties 
of  maize  have  been  found  superior  to  the  more  improved  eastern  varieties 
for  these  very  dry  regions.  At  the  time  of  our  visit  there  was  a  small 
field  near  Keams  Canyon  that  had  been  planted  by  eastern  methods. 
The  plants  were  in  rows  and  thinned  to  one  stalk  to  the  hill.  There 
had  evidently  been  a  fair  germination,  but  the  plants  had  died  without 
reaching  maturity  and  had  produced  no  seed.  At  the  same  time,  in 
the  nearest  Indian  fields  at  Polacca  the  plants  were  dark  green  and 
maturing  a  fair  crop,  though  the  season  was  said  to  have  been  unustially 
dry.     (See  PI.  XXXI,  fig.  3.) 

Even  imder  irrigation  the  somewhat  larger  strains  grown  by  the 
Navajos  have  been  fotmd  to  compare  very  favorably  with  eastern  types. 
Several  acres  of  Navajo  maize  were  seen  at  Shiprock,  N.  Mex.,  under 
irrigation.  The  fields  were  very  imeven,  apparently  the  result  of  alkali, 
but  in  the  better  portions  the  yield  was  good.  The  plants  were  standing 
about  2  feet  apart  in  the  row,  the  rows  4  feet  apart,  and  nearly  every 
plant  was  bearing  from  two  to  foiu*  fair-sized  ears.     (See  PI.  XXXII.) 

The  ears  from  36  plants,  representing  a  number  of  distinct  types,  were 
collected.  The  36  plants  bore  in  all  94  ears,  weighing  37.6  potmds,  an 
average  of  15.2  ounces  per  plant.  The  plants  producing  these  ears 
averaged  only  a  Httle  over  5  feet  in  length. 

CONCLUSIONS 

Throughout  the  western  part  of  the  Great  Plains  area  the  difficuky 
of  securing  tmiform  germination  is  a  serious  obstacle  to  the  growing  d 
maize.  With  the  varieties  commonly  grown,  if  the  seed  is  planted  at 
the  customary  depth,  many  seeds  fail  to  germinate  from  insuflSdent 
moisture;  if  planted  deep  enough  to  come  in  contact  with  moist  soil, 
the  plants  may  fail  to  reach  the  surface. 

The  agricultural  Indians  of  the  Southwest  have  continued  from  pre- 
historic times  to  grow  maize  successfully  in  regions  where  drought,  and 
especially  the  absence  of  spring  rains,  makes  it  much  more  diflScult  to 
start  the  crop  than  in  the  Great  Plains.  A  study  of  the  varieties  grown 
by  the  Hopis  and  other  agricultural  Indians  shows  that  these  varieties 
possess  two  special  adaptations:  (i)  A  greatly  elongated  mesocotyl  that 
permits  deep  planting  and  (2)  the  development  of  a  single  large  radicle 


Digitized  by 


Google 


Jan.  lo.  19x4  Drought-Resisting  Adaptation  in  Maize 


301 


that  rapidly  descends  to  the  moist  subsoil  and  supplies  water  during  the 
critical  seedling  stage. 

This  indigenous  t)rpe  of  maize  seems  to  have  attracted  little  attention, 
perhaps  because  it  has  been  included  in  the  popular  mind  with  a  series 
of  inferior  varieties  commonly  known  as  "  squaw  com.*'  But  the  Pueblo 
Indians  of  Arizona  and  New  Mexico  have  strains  sufficiently  productive 
to  compare  favorably  with  improved  varieties  even  when  grown  under 
irrigation.  The  peculiar  adaptations  of  this  type  definitely  indicate  its 
value  for  the  semiarid  regions  and  warrant  experiments  to  determine 
the  possibility  of  its  utilization. 
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DESCRIPTION  OF  PLATES 

Platb  XXIX.  Fig.  I. — A  seedling  of  Hopi  maize  with  mesocotyl  i8  cm.  long.  The 
seed  was  planted  in  sand  20  cm.  below  the  surface.  There  is  a 
single  seminal  root  with  threadlike  branches  similar  to  those  arising 
from  the  mesocotyl.  The  first  nodal  roots  have  begun  to  form  at 
the  base  of  the  coleoptyle.    One-half  natural  size. 

Fig.  2. — ^The  root  system  of  a  plant  of  Zuni  maize  dug  from  a  field 
near  Zuni,  N.  Mex.,  showing  the  well-developed,  single  seminal  root 
and  the  comparatively  feeble  nodal  roots.  Natural  size.  The  field 
from  which  this  plant  was  dug  is  shown  in  Plate  XXXI,  figure  i. 
XXX.  Fig.  I. — ^A  hill  of  Hopi  maize  containing  15  plants  grown  under  con- 
ditions of  extreme  drought  at  the  base  of  the  First  Mesa  near  Pblacca, 
Ariz.    The  ears  can  be  seen  borne  at  the  surface  of  the  ground. 

Fig.  2. — ^A  plant  of  Hopi  maize.  One  of  the  smaller  plants  from  the 
hill  shown  in  figtue  i.  The  remains  of  the  seed  are  scarcely  viable 
at  the  sharp  bend  of  the  mesocotyl,  25  cm.  below  the  surface  of 
the  ground. 
XXXI.  Fig.  I. — A  field  of  Zuni  maize  near  Zuni,  N.  Mex.  One  of  the  hills 
near  the  center  containing  but  a  single  plant  shows  a  relatively 
large  ear  borne  at  the  surface  of  the  ground. 

Fig.  2. — A  hill  of  Zuni  maize  in  the  field  shown  in  figure  i.  Note 
the  large  ears  borne  near  the  surface  of  the  ground. 

Fig.  3. — ^A  hill  of  Hopi  maize  making  luxuriant  growth  under  condi- 
tions of  extreme  drought.    Note  the  manner  in  which  the  low- 
spreading  plants  shade  the  ground.    Polacca,  Ariz. 
XXXII.  Fig.  I. — ^A  single  plant  of  Navajo  maize   grown  under  irrigation  at 
Shiprock,  N.  Mex. 

Fig.  2. — ^The  basal  portion  of  the  plant  of  Navajo  maize  shown  in 
figure  I,  with  leaves  and  husks  removed.  The  ears  from  this  plant 
after  drying  weighed  2  pounds. 
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SOME  DISEASES  OF  PECANS 

By  Frederick  V.  Rand, 
Sdentific  Assistant,  Fruit-Disease  Investigations,  Bureau  of  Plant  Industry 

INTRODUCTION 

The  pecan,  Carya  iUinoensis  (Wang.)  K.  Koch,*  is  an  indigenous  tree 
of  the  hickory  group,  which  has  long  been  famous  for  the  excellent  quality 
of  its  fruit.  From  the  time  when  the  earliest  settlers  first  gathered  the 
nuts  from  native  forest  trees  the  pecan  has  been  growing  steadily  in 
favor. 

Until  recently  the  entire  supply  has  come  from  the  wild  forest  trees 
and  from  a  comparatively  few,  more  or  less  isolated  seedling  orchards^ 
During  the  last  15  years,  however,  artificial  propagation  by  budding 
and  grafting  has  gradually  assumed  a  commercial  importance  tmtil  at 
the  present  time  a  large  number  of  excellent  horticultural  varieties  are 
available.  These  are  being  planted  on  a  large  commercial  scale  and 
through  an  ever-widening  range. 

The  pecan  is  found  native  on  low,  rich  ground  in  the  neighborhood  of 
streams  from  the  valley  of  the  Mississippi  River  in  Iowa  through  south- 
em  Illinois  and  Indiana,  western  Tennessee  to  central  Alabama  and 
Mississippi,  western  Louisiana  through  Arkansas  and  Missouri  to  south- 
eastern and  western  Kansas,  eastern  Oklahoma,  and  the  valley  of  the 
Concho  River,  Tex.  It  is  also  foimd  in  some  of  the  mountain  regions 
of  Mexico.  As  a  native  tree  the  pecan  is  most  abundant  and  attains 
its  largest  size  in  southern  Arkansas,  eastern  Oklahoma,  and  middle 
to  eastern  Texas.^  As  a  cultivated  tree,  however,  it  is  by  no  means 
confined  to  the  sections  above  enumerated.  Plantings  of  greater  or 
less  extent  have  been  made  in  Virginia,  North  Carolina,  South  Carolina, 
Georgia,  Florida,  New  Mexico,  California,  Oregon,  and  Washington,  with 
small  experimental  plantings  in  several  other  States. 

Notwithstanding  the  highly  colored  statements  of  some  of  the  early 
promoters  of  pecan  culture,  this  tree,  like  all  of  our  cultivated  fruit  trees, 
has  its  insect  and  fungous  enemies.  Possibly  they  would  form  a  shorter 
list  than  would  those  of  some  of  our  common  fruits,  but  they  are  none 
the  less  real  and  important,  for,  whenever  a  plant  is  brought  under  culti- 
vation or  taken  out  of  its  native  range,  new  diseases  and  new  problems 
with  old  diseases  are  sure  to  follow. 

Other  things  being  equal,  the  larger  the  number  of  individuals  of  a 
host  species  growing  in  a  given  area  the  greater  the  chances  any  particu- 

1  Syiunyms:  Caryo  oHvaeformu  Nutt.;  Hieorta  Pecan  Biit.;  Juifians  pecan  Marsh. 
'  Sargent,  C  S    Mannal  of  Uic  Trees  of  North  America.    Boston.  1905,  p.  234. 
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lar  parasite  has  of  successfully  reproducing  itself  from  season  to  season, 
and  consequently  the  more  general  and  severe  will  be  its  injury  over 
that  area.  Thus,  a  disease  occurring  occasionally  or  with  but  slight 
injury  upon  more  or  less  isolated  host  individuals  may  under  conditions 
of  close  orchard  planting  assume  an  entirely  different  aspect,  becoming 
more  nearly  seasonal  in  its  occurrence  and  causing  a  much  greater  per- 
centage of  injury.  A  large  part  of  the  assumed  difference  in  injury  by  a 
disease  under  native  and  under  orchard  conditions  is,  however,  often 
merely  psychological.  In  orchard  ctdture  the  ideal  sought  is  a  thrifty 
growth  and  abundance  of  high-grade  fruit  for  every  tree  planted.  Any 
deviation  from  this  ideal  is  quickly  noted  by  the  grower;  whereas  little 
consideration  is  given  to  the  facts  that  under  native  conditions  large 
numbers  of  individuals  succumb  to  disease  for  every  one  that  persists 
and  reaches  maturity  and  that  careful  observations  and  comparisons  are 
seldom  made  with  those  which  do  reach  maturity. 

Nevertheless,  the  general  fact  remains  that  well-known  diseases  are 
often  more  destructive  under  orchard  conditions.  Further  than  this, 
diseases  of  hitherto  unknown  occurrence  upon  a  particular  host  may 
suddenly  make  their  appearance.  Some  of  these  may  have  been  present 
but  previously  unnoticed,  while  others  may  be  actually  new  to  the  host. 
They  are  often  brought  to  a  locality  with  the  introduction  of  new  plants, 
and  with  the  widening  of  the  range  of  a  host  the  diseases  of  related  plants 
will  be  encountered  sooner  or  later.  Furthermore,  a  parasite  is  often 
more  destructive  when  brought  to  a  new  locality,  either  because  of  the 
absence  of  its  former  enemies  or  because  of  other  conditions  more  favor- 
able to  its  growth  and  reproduction  in  the  new  environment. 

It  has  long  been  known  that  where  a  considerable  number  of  plants 
or  animals  are  exposed  in  a  similar  way  to  the  attacks  of  a  parasitic 
disease  more  or  less  difference  will  be  noted  in  their  behavior  toward 
the  disease.  In  many  cases  some  individuals  will  be  found  which  seem 
to  be  entirely  immune,  others  which  are  very  susceptible  to  attack,  and 
still  others  with  varying  grades  of  immunity  or  susceptibility  between 
two  extremes.  In  localities  favorable  to  the  growth  and  spread  of  a 
disease  this  condition  works  for  the  general  benefit  of  the  species  attacked. 
Those  individuals  least  susceptible  to  injury  will  be  most  successful  in 
reproducing  themselves,  and  thus  a  more  or  less  immime  race  will  be 
developed.  On  the  contrary,  if  a  race  has  arisen  amid  conditions  un- 
favorable to  the  development  of  a  particular  disease,  or  in  its  entire 
absence,  growth  and  reproduction  will  have  taken  place  with  little  or 
no  relation  to  the  disease.  If  such  a  race  is  exposed  to  the  disease,  it 
is  probable  that  a  large  percentage  of  its  individuals  will  be  found  to  be 
susceptible. 

These  relations  between  host  and  parasite,  though  only  a  few  among 
many,  may  at  least  serve  to  indicate  the  extreme  complexity  of  all  prob- 
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lems  having  to  do  with  living  things.  Partly  because  of  this  complexity 
most  problems  of  disease  control  aire  problems  of  "better  and  worse*' 
rather  than  of  "good  and  bad,"  for  very  few  varieties  prove  to  be  abso- 
lutely immune,  and  very  few  artificial  meth6ds  of  control  are  entirely 
eflfective. 

The  present  paper  deals  only  with  certain  distinct  and  more  or  less 
troublesome  fungous  and  bacterial  diseases  of  pecans.^  For  the  most 
part  these  studies  were  carried  on  during  the  years  191 1  and  191 2. 

NURSERY-BLIGHT 

[Cutsed  by  Phyllostida  carya*  Peck] 

HISTORY   AND  DISTRIBUTION 

Nursery-blight  is  one  of  the  worst  known  diseases  of  the  pecan  to 
affect  nursery  seedling  trees.  However,  in  spite  of  the  fact  that  young 
trees  are  often  defoliated  from  this  cause  by  midsummer,  no  definite 
investigation  has  hitherto  been  carried  out  and  published,  so  far  as 
could  be  ascertained.  This  may  be  due  partly  to  the  fact  that  the  pecan 
nursery  business  is  of  comparatively  recent  origin  and  partly  to  the 
obscurity  of  the  causal  fungus. 

The  distribution  of  this  disease  has  been  found  to  correspond  very 
closely  with  that  of  the  pecan  scab  and  the  brown  leaf-spot.  Affected 
specimens  have  been  received  from  most  of  the  pecan-growing  States, 
and  personal  observations  have  further  demonstrated  its  presence  at 
Petersburg,  Va.;  Orangeburg,  Summerton,  and  Charleston,  S.  C; 
Albany,  De  Witt,  Hardaway,  Baconton,  Thomasville,  and  Cairo,  Ga.; 
Tallahassee,  Newport,  Monticello,  Glen  St.  Mary,  Jacksonville,  St.  Augus- 
tine, Palatka,  and  Belleview,  Fla.;  New  Orleans,  La.;  and  at  San  Anto- 
nio, Boeme,  Kerrville,  Waco,  and  San  Saba,  Tex.  Strains  of  the  fungus 
obtained  from  as  widely  separated  points  as  Florida  and  Texas  have 
been  similar  in  cultural  characters  and  have  caused  the  same  symptoms 
upon  artificial  inoculation,  thus  demonstrating  the  disease  in  both  cases 
to  be  of  the  same  origin.  Wherever  observations  have  been  made  the 
disease  has  for  the  most  part  beea  found  to  affect  young  trees,  and  by 
far  the  greatest  injury  has  been  to  the  i  and  2  year  old  nursery  stock.* 
Mature  trees  are  seldom  seriously  injured. 

1  No  discussioa  of  the  scab,  a  serious  disease  of  pecans,  is  included  in  Uie  present  paper. 

*  A  very  effective  control  of  the  nursery-blight  with  Bordeaux  mixture  was  obtained  in  two  different 
localities  during  the  season  of  19x1.  and  there  appears  to  be  lltUe  reason  to  doubt  that  it  will  prove  effica- 
dous  in  other  localities  and  seasons.  The  quantity  of  spray  material  used  and  the  cost  of  application  under 
mmcry  conditions  are  small,  and  it  is  thought  that  the  increase  in  size  and  vigor,  together  with  better 
oooditiQns  for  budding,  will  amply  repay  the  small  cost  in  material  and  labor  necessary  for  the  treatments. 
It  is  obvious  that  the  first  application  should  be  made  before  the  disease  has  gained  much  headway  in  the 
spring.  Three  to  five  snbacQUcnt  applications  may  then  be  given  at  intervals  of  three  to  four  weeks,  accord- 
ing to  the  season. 
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SYMPTOMS  OF  THE  DISEASE 

So  far  as  has  been  observed  nurseiy  blight  affects  only  the  leaf  blade, 
but  infections  occur  from  early  spring  well  on  through  the  season,  so 
that  under  conditions  favorable  to  the  development  of  the  disease  the 
young  trees  have  little  opportunity  for  growth.  Generally  the  first 
indications  of  infection  appear  in  the  form  of  minute  roundish  spots, 
which  are  dark  reddish  brown  on  the  upper  leaf  surface  and  blackish 
on  the  lower.  (PI.  XXXVII,  Fig.  C)  These  slowly  increase  in  size 
until  a  diameter  of  2  to  5  mm.  is  often  reached  in  the  individual 
spots.  With  increase  in  size  the  center  of  the  spot  on  the  upper  surface 
assumes  an  ashen-gray  color,  which  is  usually  bordered  with  reddish 
brown,  while  the  lower  surface  remains  black  throughout  or  with  an 
occasional  tiny  ashen-gray  spot  in  the  center  of  this  dark-colored  area. 
(PL  XXXVII,  Fig.  /.)  The  gray  color  in  both  cases  is  caused  by  a  rais- 
ing of  the  epidermis,  thus  leaving  an  air  space  between  it  and  the  tissues 


Pig.  z.— Cross  section  of  pecan  leaf  recently  infected  with  the  nursery-blight  funsos  (PhyllosUcta  caryee 
Peds)  from  pure  culture.     Xxte. 

below.  The  leaves  are  often  considerably  peppered  with  these  spots, 
and  by  their  coalescence  larger  areas  are  often  involved.  Very  fre- 
quently the  spots  elongate  and  coalesce  along  the  midrib  and  larger 
veins,  thus  giving  a  very  characteristic  appearance.  The  parenchyma 
cells  and  vascular  bimdles  are  often  killed  and  discolored  over  large 
areas.  Whenever  the  vascular  tissue  becomes  involved  to  any  great 
extent  the  supply  of  water  is  cut  off  from  below  and  the  leaf  soon  dries 
up  and  falls.  Figure  i  shows  the  microscopical  appearance  of  the 
diseased  cells  in  a  recently  infected  leaf. 

MYCOLOGICAL    AND   PATHGLGGICAl,   STUDIES 
Isolation  op  the  Fungus 

Rough  microscopical  examination  of  a  considerable  range  of  diseased 
naterial  disclosed  no  fimgous  or  bacterial  form  which  was  at  all  con- 
tantly  associated  with  the  symptoms.  Occasionally  a  tiny  thin-walled 
)ycnidium  was  encoimtered,  but  no  spores  were  foimd  and  usually  no 
ungous  mycelium  or  fruiting  body  of  any  kind.  Cultures  made  during 
910  and  191 1  from  material  several  days  old  gave  only  saprophytic 
ungi  as  shown  by  the  negative  results  of  all  the  inoculation  tests. 
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Experimentatioii  had  already  shown  that  the  disease  was  readily  con- 
trollable by  Bordeaux  mixture,  and  hence  it  was  thought  highly  probable 
that  it  was  of  parasitic  origin.  Consequently,  in  the  summer  of  191 2| 
materials  for  making  cultures  were  taken  directly  into  the  field  with  the 
idea  of  locating  the  cause,  if  possible,  by  any  of  the  ordinary  methods  of 
isolation.  Leaves  showing  very  recent  infection  were  taken  from  the 
highest  parts  of  the  trees  where  there  was  little  or  no  spattering  from  the 
soil.  These  leaves  were  placed  in  sterile  Petri  dishes  and  taken  to  the 
temporary  laboratory,  where  the  tiny  spots  were  cut  out  at  once  with 
sterile  scissors  and  transferred  by  the  ordinary  potu-ed-plate  method  to 
Petri  dishes  of  com  meal  and  synthetic  agar.^  After  24  to  48  hours 
colonies  became  visible  which  had  evidently  originated  from  the  diseased 
areas,  and  their  appearance  was  quite  tmiform  in  all  the  cultures,  except 
in  a  few  cases  where  contaminations  had  entered.  Transfers  were  then 
made  to  tube  cultiu-es.  In  this  way  strains  of  the  fungus  were  obtained 
from  Monticello,  Fla.,  from  Albany,  Ga.,  and  from  San  Antonio,  Waco, 
and  San  Saba,  Tex. 

Inoculations 

Circumstances  connected  with  field  travel  prevented  the  making  of 
any  inoculation  tests  during  the  summer  of  191 2,  but  the  following 
summer  and  winter  trials  were  carried  out  upon  pottted  seedling  trees  in 
the  greenhouse.  The  trees  were  sprinkled,  inoculated  from  pure  cul- 
tures, and  covered  after  inoculation  for  several  days  with  bell  jars.  Three 
strains  of  the  fungus  were  used  in  this  work:  One  from  Texas,  one 
from  northern  Florida,  and  a  strain  reisolated  from  an  artificially  infected 
leaf. 

ExPBRiMBNT  No.  I  (Oct.  8,  191a). — ^The  young  leaves  on  four  trees  were  inoculated 
horn  i>^-months-old,  nonsporiferous  synthetic-agar  cultures  (Florida  strain  123),  the 
slimy  mycelial  mass  being  smeared  over  portions  of  both  leaf  surfaces.  These  four 
trees  and  two  moistened  but  uninoculated  check  trees  were  left  under  bell  jars  for 
five  da3rs.  After  a  week  small  dark-brown  specks  were  noted  over  the  inoculated 
axeas.  In  three  weeks  these  spots  were  i  to  a  mm.  in  diameter  and  in  every  way 
similar  to  natural  infections.    The  check  trees  remained  uninjured. 

ExPBRiMSNT  No.  2  (Nov.  9,  1912). — ^The  young  leaves  on  three  seedlings  and  the 
matured  leaves  on  two  others  were  inoculated  as  above  only  from  3-weeks-old,  sporifer- 
ous  com-meal-agar  cultures  (Florida  strain  122).  The  five  inoculated  and  tv^  check 
trees  were  left  imder  the  bell  jars  for  three  days.  Observation  after  two  weeks  showed 
the  production  of  small,  roundish,  dark-brown  specks,  which  at  three  weeks  had 
become  i  to  3  mm.  in  diameter  with  small  ashen-gray  areas  in  the  center.    The  lower 

*  Synthbtic  agar. — (i)  1.500  c.  c.  of  distilled  water  and  36  srazns  of  agar.  Cook  in  double  boiler  for  one 
hour  at  15  pounds  pressure. 

(a)  500  c  c  of  distilled  water.  200  grams  of  dextrose,  40  grams  of  peptone,  ao  grams  of  ammonuim  nitrate, 
5  grams  of  magnesium  sulphate  (crystals),  zo  grams  of  potassium  nitrate.  5  grams  of  potassium  add  phos- 
phate (EsHPOO.  nul  o.a  gram  of  sodium  chlorid. 

Boil  in  double  boiler  for  30  minutes,  add  agar  and  cook  lot  five  minutes.  Restore  to  volume,  titrate, 
cod  to  60*  C. ,  and  add  whites  of  two  eggs.     Cook  to  coagulate  eggs,  filter,  tube,  and  sterilize. 

This  formula  is  modified  from  that  given  by  Prands  Darwin  and  B.  Hamilton  Acton  in  their  Practical 
Physiology  of  Plants,  ed.  3.  1901,  p.  68. 
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surface  of  the  infected  areas  was  almost  black.     Infection  liad  taken  place  upon  all 
the  leaves  inoculated,  while  none  of  the  check  trees  ^owed  any  signs  of  the  disease. 

Expsrhcent  No.  3  (Dec.  7,  1912). — ^The  mature  leaves  of  four  seedlings  were  inocu- 
lated from  3- weeks-old,  sporiferous  com-meal-agar  cultures  (Florida  strain  122),  and 
those  of  three  other  seedlings  from  nonsporiferous  synthetic-agar  cultures  of  the  same 
age  and  strain.  The  seven  inoctdated  plants  and  four  checks  were  kept  tmder  bell 
jars  for  three  days.  Observations  at  two  weeks  ^owed  the  leaves  of  the  first  set  with 
tiny  dark-brown  specks  scattered  over  the  inoculated  areas  and  with  some  of  the 
spots  beginning  to  show  the  grayish  centers.  The  leaves  inoculated  from  the  syn- 
thetic-£^^  cultures  were  similar,  but  not  quite  so  far  advanced.  The  check  trees 
all  remained  uninjured. 

ExPBRiMBNT  No.  4  (Dec.  7,  1912). — ^The  matiu-e  leaves  of  three  seedlings  were  in 
like  manner  inoculated  from  3- weeks-old,  sporiferous  com-meal-agar  cultures  (Texas 
strain  127).  At  the  end  of  one  week  the  spots  were  just  becoming  visible,  and  after 
two  weeks  the  centers  were  ttuning  gray  on  the  upper  surface,  while  the  borders 
remained  the  typical  dark  brown.  There  were  no  evidences  of  the  disease  on  the 
two  check  trees.  All  five  trees  had  been  covered  with  bell  jars  for  the  first  three 
days. 

Experiment  No.  5  (Dec.  18,  1912). — Two  trees  were  inoculated  from  com-meal- 
agar  cidtures  isolated  from  one  of  the  trees  of  experiment  No.  3  (strain  163).  Typical 
infections  appeared  at  five  to  seven  days,  and  these  gradually  increased  in  size  for 
three  weeks,  finally  taking  on  the  grayish  center  and  dark  reddish  brown  border 
above,  with  the  color  almost  black  below.    The  check  trees  remained  healthy. 

Experiment  No.  6  (Dec.  18,  1912). — ^The  mature  leaves  of  three  seedlings  were 
inoculated  from  sporiferous  com-meal-agar  ctdttures  of  two  weeks' incubation  (Florida 
strain  122).  In  this  case  the  pycnidia  were  broken  up  in  sterile  distilled  water  and 
sprayed  upon  the  leaves.  The  three  check  trees  were  sprayed  with  sterile  distilled 
water,  and  all  six  trees  were  left  under  bell  jars  for  three  days.  On  removing  the  bell 
jars  it  was  noted  that  tiny  dark-colored  specks  were  forming  over  much  of  the  areas 
inoculated.  These  later  proved  to  be  the  typical  spots  of  the  ntusery-blight.  No 
evidence  of  disease  appeared  on  the  check  trees. 

Experiment  No.  7  (Dec.  23,  1912). — ^The  sporiferous  pycnidia  from  young  com 
meal-agar  ctdtures  (Florida  strain  122)  were  broken  up  in  sterile  distilled  water  and 
sprayed  upon  the  upper  and  lower  surfaces  of  the  leaves  of  three  seedling  pecan  trees, 
the  leaves  having  previously  been  washed.  Three  days  after  inoculation  sample 
inoculated  and  check  leaves  were  collected.  These  were  killed  and  bleached  in 
alcohol,  stained  with  eosin,  and  examined  superficially  under  the  microscope.  The 
conidia  themselves,  being  almost  bacillar  in  size,  could  not  be  seen  with  the  low 
power  necess&ry  in  any  such  examination.  However,  here  and  there  could  be  dis- 
tinguished a  very  fine  mycelial  growth  stained  pale  pink  by  the  eosin,  and  in  a  number 
of  cases  hyphae  were  clearly  seen  entering  the  leaf  through  stomatal  pores  or  openings 
left  by  the  breaking  off  of  leaf  hairs  and  resin  glands.  In  one  case  the  branching 
hypha  could  be  followed  some  distance  beneath  the  epidermis  from  the  stoma  through 
which  it  had  entered.  The  check  leaves  showed  no  such  fimgous  growth  entering  the 
leaf. 

After  a  week  an  examination  of  the  leaves  left  on  the  trees  showed  tiny  dark-colored 
spots  scattered  over  the  inoculated  areas,  while  at  two  weeks  the  typical  grayish 
centers  had  developed.    The  check  leaves  were  still  without  injury. 

In  the  above  detailed  experiments  the  leaves  of  24  pecan  seedlings 
were  inoculated  at  different  stages  of  maturity  and  with  three  strains  of 
the  fungus.  Every  inoculation  was  successful,  and  in  no  case  did  any  of 
the  check  trees  show  signs  of  the  disease.  These  data  seem  to  establish 
the  parasitism  of  the  fungus  beyond  any  doubt. 
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From  the  facts  that  most  of  the  infections  occur  within  2  or  3  feet  of  the 

soil  surface,  thajt  such  infections  may  take  place  through  stomata  and 

other  openings  in  the  epidermis,  and  that  pycnidia  are  of  rare  occurrence 

upon  the  leaves  while  still  attached  to  the  tree,  it  seems  very  likely  that 

the  general  development  of  pycnidia  takes  place  upon  the  dead  and 

decaying  leaves  after  they  have  fallen  to  the  ground  and  that  most  of  the 

infection  occurs  through  the  spattering  of  spore-bearing  material  from 

the  soil. 

Cultural  Studies 

thbrmal  tssts 

Four  series  of  thermal  tests  were  carried  out,  com-meal-agar  ctdtures 
being  incubated  for  two  to  three  weeks  at  temperatures  ranging  from 
I®  to  40°  C.  No  change  occurred  at  1°  or  at  40^,  while  at  5**  and  36° 
growth,  where  it  occurred  at  all,  was  so  small  as  to  be  scarcely  discernible. 
The  growth  of  the  colony  was  extremely  slow  at  8**,  but  increased  con- 
siderably in  rate  at  12°.  At  14°,  16**,  and  20°  the  rate  was  nearly  the 
same,  though  with  a  very  gradual  increase  toward  the  higher  tempera- 
ture. The  optimum  for  the  temperatures  tested  occurred  at  30°,  while 
at  32^  growth  was  very  similar  to. that  at  12°  to  14**.  Incubation  of  two 
or  three  weeks  at  37°  to  40**  invariably  killed  the  fungus,  no  subsequent 
growth  taking  place  when  again  held  at  optimum  temperatures. 

Thus,  incubated  in  com-meal-agar  slant  tubes,  the  fungus  made  at  least 
some  growth  at  temperatures  ranging  from  5^  to  36^  C.  (41**  to  97^  F.), 
with  a  very  gradual  decrease  in  rate  from  the  optimum  (30**  C.  or  86°  F.) 
downward,  and  a  rather  rapid  decrease  upward.  The  comparatively 
high  optimum  temperature,  together  with  the  wide  range  of  effective 
growth  at  lower  temperatures,  will  assist  in  explaining  the  extended  and 
continuous  period  of  infection  observed  under  field  conditions. 

cultural  characters 

The  more  obvious  characters  of  the  fungus  as  grown  upon  a  number 
of  culture  media  are  as  follows: 

Beef-Agar  Slant  Tubes. — The  colonies  are  at  first  somewhat  convex,  pale  ocherous 
in  color,  with  slightly  roughened  but  glistening  surface,  and  without  aerial  mycelium. 
Later,  the  surface  becomes  much  wrinkled,  often  presents  a  corallike  growth  in  the 
older  parts,  and  approaches  a  light  Venetian  red  in  color.  A  moderate  production 
of  pycnidia  usually  takes  place  in  cultures  i  or  2  months  old.  Colonies  often  attain 
a  diameter  of  10  to  la  mm. 

Com-Meal-Agar  Slant  Tubes  (PI.  XXXVII,  fig.  //).— Where  little  aerial  mycelium 
is  present,  the  colonies  are  at  first  about  the  same  color  and  general  appearance  as  in 
the  young  beef-agar  cultures.  The  cottony  aerial  mycelitun  becomes  a  faint  pinkish 
white  and  is  often  present  in  considerable  liuniriance.  The  submerged  parts  some- 
times give  a  pale-violet  tinge  to  the  agar,  but  little  or  no  direct  diffusion  of  color  into 
the  medium  has  taken  place.  Pycnidia  are  produced  in  abundance  and  range  from 
75  to  150  /c  in  diameter.  At  first  they  are  a  pale-ocherous  color,  but  later  chans:e  to 
dark  brown  or  almost  to  black.    Many  cross  connections  between  the  hyphae  have 
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been  observed,  and  swollen  cells  are  commonly  scattered  here  and  there  through  the 
mycelium.  Colonies  often  cover  the  slant,  but  unlike  those  on  beef  agar  they  are 
seldom  much  wrinkled. 

Corn-Meal  Flasks. — On  this  medium  the  colonies  with  i  or  2  months'  growth  attain 
a  diameter  of  5  or  6  cm.,  and  become  deeply  convoluted  or  wrinkled.  The  cottony 
aerial  mycelitun  where  present  is  similar  in  color  to  that  on  corn-meal  agar,  while 
the  tmderlying  pseudoparenchyma  en  masse  takes  on  a  yellowish  burnt-sienna  tinge. 
Pycnidia  were  not  observed. 

Filter  Paper. — Growth  on  filter  paper  moistened  with  sterile  distilled  water  gave 
small  colonies  of  a  pale-violet  color  and  with  or  without  a  scant  pinkish  white  aerial 
mycelium. 

Qxalic-Acid-Agar  Slant  Tubes. — ^The  colonies  are  raised  to  convex,  pale  ocheious 
around  the  margin  and  approaching  a  sepia  brown  throughout  most  of  the  central 
portion.  With  age  the  vegetable  dye  of  the  medium  becomes  bleached,  so  that  the 
color  of  ordinary  beef  agar  is  finally  assumed.    No  pycnidia  were  observed. 

S)aithetic-Agar  Slant  Tubes '  (PI.  XXXVII,  fig.  G).— The  colonies  are  very  convex, 
with  moist  and  glistening  surface.  The  mycelial  mass  is  extremely  viscous,  much 
convoluted,  btunt  sienna  to  brown  in  color,  and  with  the  drying  out  of  the  cultures 
assumes  various  shades  of  olive  green,  violet,  brown,  and  reddish  brown.  Numerous 
cross  connections  between  the  hyphae  were  noted,  but  no  pycnidia  have  yet  been 
developed  on  this  mec^tun. 

Morphology  and  Taxonomy 

Several  of  the  diseased  spots  from  fresh  material  were  killed  in  Carney's 
fluid,  embedded  in  paraffin,  and  sectioned  both  vertically  and  horizon- 
tally in  order  to  locate  the  course  of  the  fungous  growth  within  the 
tissues.  The  myceliiun  was  foimd  to  be  septate,  very  fine,  and  nearly 
or  quite  hyaline;  and  even  in  the  stained  vertical  sections  it  was  often 
distinguishable  with  difficulty.  This  readily  explains  the  fact  that 
examination  of  rough  mounts  from  field  material  rarely  gives  any  evi- 
dence of  fungous  growth  within  the  leaf  tissues.  The  mycelium  was 
best  located  in  the  stained  horizontal  sections,  where  it  could  be  dis- 
tinctly seen  ramifying  through  the  intercellular  spaces  just  above  the 
lower  epidermis  and  throughout  the  mesophyll  tissue.  (Fig.  2.)  Where 
the  spots  involved  the  vascular  tissue,  the  hyphae  were  often  seen  extend- 
ing immediately  parallel  to  the  vessels,  the  latter  in  such  cases  being 
dead  and  discolored.  In  many  cases  this  intercellular  mycelium  had 
developed  scattered  swollen  cells  with  large  vacuoles,  but  thus  far  no 
definite  formation  of  pycnidia  has  been  observed  upon  artificially  infected 
leaves.  Upon  field  material,  however,  the  tiny  dark-colored  fruiting 
bodies  are  occasionally  encountered  upon  the  upper  leaf  surface. 

In  1887  a  Phyllosticta  occurring  on  Carya  alba  was  described  by  Peck,' 
which  from  bis  description  and  an  examination  of  type  specimens, 
appears  to  be  identical  with  the  nursery-blight  fungus.  Peck's  descrip- 
tion is  as  follows : 

1  Por  the  {(Hinula  for  preparmc  synthetic  agar,  see  p.  907. 

*  Peck.  C.  H.  Plants  not  before  reported.  40th  Ann.  Rpt..  N.  Y.  SUte  Mas.  Nat.  Hist.,  x886.  p.  57* 
X887. 
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PhyUasiida  caryae,  n.  sp. — Spots  large,  irregtdar,  often  confluent,  at  first  yellowish, 
then  bxown,  sometimes  becoming  grayish  in  the  center;  perithecia  minute,  .004  inch 
broad,  ptmctate,  epiphylknis;  spores  irregularly  elliptical,  .0002  inch  long,  .00008 
broad. 

Living  leaves  of  hickory,  Carya  alba,  Piffard,  August. 

Several  months  afterwards  Ellis  and  Everhart*  described  under  the 
same  name  a  Phyllosticta  occurring  on  species  of  Carya  at  Newfield, 
N.  J.  On  account  of  Peck's  priority,  the  specific  name  of  Ellis  and 
Everhart's  fimgus  was  later  clumged  by  Saccardo  to  caryogena? 


Pic.  2.— Horizontal  section  d  leaf  recently  infected  with  the  nursery-blight  fungus  in  pure  culture.  Xi5e> 

After  examination  of  Peck's  material  the  two  species  were  finally 
considered  by  Ellis  and  Everhart  as  identical,  and  the  following  descrip- 
tion and  statement  was  published : 

PhUosHeta  Caryae  Pk,    40th  Rep.  57.    1887. 
P.  Caryae  E.  &  B.    Joum.  MycoL  zoz.    1888. 
P.  caryoffena.    Sacc.    Syll.    10:119.    1892. 
Exsicc    BlL&Evrht.    X.  A.  P.  2x55.  2677- 
On  various  spedes  of  Carya  from  Maine  to  Kansas. 

Spots  large,  irregtdar,  often  confluent,  often  acute  at  each  end,  with  a  nerve  of  the 
leaf  running  through  the  center,  .5-1  cm.  diam.,  yellowish  at  first,  becoming  brown. 


*Blfis,  J.  B..  and  Bverhart.  B.  M.    New  species  of  fungi  from  various  localities. 
no.zo»p.  zoz,  z888. 
sSaocardo.  P.  A.    SyOoge  Puzigoruzn.    v.  zo.  Pataviuxn,  Z893.    p.  zz9. 


Jour.  Hycol..  v.  4» 
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with  the  margin  darker.  Perithecia  epiphyllous,  minute,  lenticular,  black-biown, 
100  /I  broad.  Sporules  oblong  or  ellipsoid-oblong,  5— 8X2 — 2.5/ai.  The  fungus  is  also 
found  on  old  insect-galls  on  the  same  leaves.  The  40th  Rep.  was  given  to  the  public 
in  May,  1888.  P.  Caryae  E.  &  E.  was  not  published  till  October,  1888.  P.  Caryae  Pk. 
and  P.  Caryae  E.  &  E.  are  evidently  the  same  ^ 

The  leaf  spots  upon  the  pecan  asstune  the  reddish  brown  color  at  a 
very  early  stage  of  development,  though  this  is  often  preceded  by  a 
slight  yellowing  of  the  tissue  at  the  point  of  infection.  Furthermore, 
the  grayish  center  is  almost  invariable  in  its  appearance  during  the 
later  stages.  Individual  spots  have  rarely  been  found  by  the  writer  to 
exceed  4  or  5  mm.  in  diameter,  but  by  the  coalescing  of  several  initial 
infections  diseased  areas  at  least  up  to  8  or  10  mm.  have  frequently 
been  observed. 

The  majority  of  the  pycnidia  have  been  found  to  vary  but  little  from 
looft  in  diameter,  but  extremes  of  50  to  i5o/£  have  been  noted  for  mature 
pycnidia  in  culture.  In  the  latter  case  they  are  usually  much  lighter  in 
color  than  on  the  host,  assuming  macroscopically  a  tawny  appearance. 
On  the  pecan  leaf  and  occasionally  in  culture  the  fruiting  bodies  are 
dark  brown  to  black. 

Conidia  as  observed  on  this  host  have  corresponded  closely  with 
Peck's  fungus,  ranging  within  the  limits  of  3.8  to  6  by  i  .5  to  2/£.  In  other 
points  also  the  pecan  fimgus  corresponds  closely  with  the  two  descrip- 
tions quoted  above. 

Thus,  on  account  of  the  close  relationship  between  the  hosts  and  the 
many  points  of  resemblance  between  the  fungi  and  the  disease  symp- 
toms, it  seems  best  to  consider  the  nursery-blight  fungus  as  identical 
with  Phyllosticia  caryae  Peck  rather  than  to  burden  mycological  litera- 
ture with  another  name.  At  least  this  course  should  be  followed  until 
cultural  and  cross-inoculation  work  can  demonstrate  a  specific  difference. 

BROWN  LEAF-SPOT 
[Caused  by  Ctrcosporafusca,  emend,  tp.) 
raSTORY  AND  DISTRIBUTION 

With  the  growth  of  the  pecan  industry  the  brown  leaf  spot  has  grad- 
ually been  receiving  more  notice  among  orchardists.  Since  it  is  by  no 
means  as  serious  a  trouble  as  the  pecan  scab,  it  has  not  merited  the 
attention  given  the  latter.  No  published  record  has  been  found,  except 
a  brief  description  of  the  fungus,  and  no  work  establishing  the  cause  or 
demonstrating  a  method  of  control.*  However,  next  to  the  pecan  scab 
it  is  perhaps  the  worst  and  most  generally  distributed  leaf-spot  disease 

1  Ellis.  J.  B.,  and  Bverhart.  B.  M.    The  North  American  PhyUostictas.    Vineland.N.  J..  1900.    p.  35. 

s  The  brown  leaf  spot  has  occurred  to  a  limited  extent  at  ixnnts  where  spraying  tests  were  beinff  carried 
out  on  other  x>ecan  diseases  and  has  been  effectively  controlled  with  three  treatments  of  Bordeaux 
mixture. 
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affecting  the  mature  trees  and  consequently  has  been  considered  worthy 
of  investigation  as  well  from  a  practical  as  from  a  mycological  standpoint. 

For  several  years  specimens  of  leaves  showing  this  disease  have  been 
received  from  widely  different  parts  of  the  pecan-growing  territory, 
while  within  the  last  two  years  the  writer  has  made  personal  observa- 
tions in  the  field  over  much  of  this  region.  From  these  observations 
and  studies  in  field  and  laboratory  it  may  definitely  be  said  that  the 
brown  leaf-spot  occurs  in  South  Carolina,  Georgia,  Florida,  Alabama, 
Louisiana,  and  Texas  and  that  an  exceedingly  similar  if  not  identical 
disease  has  in  numerous  instances  been  seen  on  other  species  of  hickory. 
Furthermore,  there  is  little  doubt  that  its  range  is  much  greater  than 
that  above  indicated,  since  it  has  been  found  in  nearly  every  pecan  sec- 
tion visited  by  the  writer  during  the  last  three  years. 

Observations  in  several  States  during  the  past  two  years  have  shown 
very  little  difference  in  resistance  to  the  disease  among  the  different 
varieties.  For  example,  in  one  orchard  examined,  containing  45  varie- 
ties of  the  pecan,  the  brown  leaf -spot  was  so  uniformly  distributed  that 
no  appreciable  difference  in  the  amount  of  injury  could  be  detected 
among  the  different  varieties.  From  a  number  of  such  observations 
over  a  wide  territory  it  may  be  safely  assumed  that  little  difference  in 
resistance  exists  among  the  varieties  now  commonly  planted. 

SYMPTOMS  OF  THE  DISEASE 

The  leaf  blade  is  the  only  part  of  the  tree  known  to  be  affected.  (PI. 
XXXVII,  fig.  A.)  In  ordinary  seasons  or  when  only  a  few  spots  occur, 
there  is  little  or  no  appreciable  injury,  but  occasionally  imder  conditions 
very  favorable  to  the  progress  of  the  disease  partial  defoliation  may 
result.  Infections  occur  from  the  early  part  of  summer  on  until  fall, 
and  under  proper  conditions  of  moisture  and  temperature  even  well- 
matured  leaves  may  develop  the  disease.  Several  days  after  infection 
(ordinarily  3  to  10)  the  condition  becomes  evident  through  the  formation 
of  a  tiny  dark  reddish  brown  spot,  which  is  usually  somewhat  angular 
in  outline  and  bounded  by  the  veins  of  the  leaf.  The  spots  from  the 
earliest  visible  stages  extend  through  the  leaf  tissue  and  appear  about 
the  same  in  form  and  color  on  both  surfaces.  The  size  increases  grad- 
ually until  the  diseased  areas  often  attain  a  diameter  of  10  or  even  in 
some  cases  15  mm.  )^th  increase  in  area  the  spot  often  loses  its  angular 
outline  and  the  margin  becomes  more  indefinite,  while  at  the  same  time 
the  center  of  the  spot  may  in  some  cases  assiune  a  somewhat  lighter 
reddish  brown  color  with  the  darker  brown  as  a  border.  Very  often, 
however,  the  spots  remain  angular  and  with  definite  margin,  though 
in  such  cases  they  seldom  attain  a  diameter  of  more  than  2  or  3  mm. 
Microscopical  examination  showed  the  cells  within  the  affected  areas  to 
be  dead,  more  or  less  opaque,  and  brownish  in  color.     (Fig.  3.) 
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MYCOLOGICAL   AND  PATHOLOGICAL  STUDIES 
Isolation  of  ths  Fungus 

Examination  of  a  wide  range  of  material  during  the  last  three  yeais 
has  invariably  shown  the  same  type  of  f migous  growth  and  spore  for- 
mation, while  no  other  f migi  have  been  fomid,  except  in  the  later  sts^es 
of  the  disease.  It  was  considered  very  probable  that  the  fungus  above 
mentioned  was  the  cause  of  the  diseased  condition  which  it  accompanied, 
and  so  on  October  4, 1 91 1 ,  single  spore  cultures  were  started,  using  conidia 
from  material  collected  August  29,  191 1,  at  Baconton,  Ga.  Synthetic 
agar  was  used,  and  the  germination  was  followed  under  the  microscope 
from  day  to  day.  Growth  was  rather  slow  at  first,  but  continued  until 
at  the  end  of  a  month  colonies  5  to  15  mm.  in  diameter  had  been  formed. 

From  one  of  the  strains  obtained  in 
this  way  the  first  inoculation  tests 
were  made. 

Inoculations 

The  inoculation  work  was  carried 
out  during  the  winter  and  spring 
of  1 91 2  upon  yoimg  seedling  pecan 
trees  in  the  greenhouse.  The  leaves 
to  be  used  in  the  tests  were  mois- 
tened with  water  immediately  pre- 

Fio.  3.— OroflS  section  ol  a  leaf  infected  with  the   ,^ai^^     :*«^^.«i»4-:^-,      ^•^A    ^•^^^    «« 
bn,wnleaf^tfimgusframpurec«lt«re.    X.50.     ^^^     mOCUlatlon.    and    SlUCC    HO 

definite  spore  formation  has  taken 
place  in  culture,  bits  of  the  mycelial  growth  were  placed  directly  on  the 
upper  or  lower  sides  of  the  leaves  thus  moistened.  The  small  potted  trees 
were  then  generally  left  for  several  days  under  bell  jars,  with  slight  ven- 
tilation at  the  base,  to  insure  proper  humidity  for  growth  of  the  fungus. 
Check  trees  in  each  experiment  were  treated  similarly,  with  the  excep- 
tion of  the  inoculation. 

ExPBRiMBNT  No.  I  (Feb.  29,  1912). — The  young  leaves  of  two  potted  seedlings 

were  inoculated  from  3-weeks-old  oxalic-acid  and  synthetic-agar  cultures  (strain 

33),  the  first  tree  being  covered  with  a  bell  jar  and  the  second  left  open.    Two 

check  trees  were  placed  tmder  a  bell  jar.    The  inoculated  and  check  trees  were 

all  sprinkled  with  tap  water  on  the  second  and  fifth  days  and  the  bell  jars  were  removed 

on  the  latter  date.    At  the  end  of  two  weeks  most  of  the  inoculated  leaves  on  the  first 

trpe  had  developed  small,  reddish  brown  areas  from  mere  angular  flecks  up  to  irregu- 

ly  circular  spots  i  mm.  in  diameter.    Very  little  infection  had  occurred  on  the  tree 

t  tmcovered  after  inoculation,  but  several  distinct  spots  were  noted.    Later,  many 

the  spots  had  increased  in  size  up  to  7  or  8  mm.,  with  the  development  of  tawny 

isters  of  conidia  visible  to  the  naked  eye  upon  the  upper  leaf  surface.    In  no  case 

1  the  check  trees  show  signs  of  the  disease. 

Experiment  No.  2  (Apr.  16,  1912). — In  a  similar  manner  the  tender  leaves  of  a 
idling  were  inoculated  on  both  surfaces  from  a  month-old  com-meal-agar  culture 
rain  ^7),  This  tree  and  the  check  were  left  under  a  bell  jar  for  five  dajrs.  Observa- 
n  after  a  month  showed  a  large  ntunber  of  the  somewhat  angular  young  spots  v^ 
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to  I  mm.  in  diameter,  but  no  spore  formation  had  as  yet  occurred.  After  two  months 
the  spots  were  well  scattered  over  the  inoctdated  areas,  and  some  of  them  had  at- 
tained a  diameter  of  10  mm.  The  pale  tawny  conidial  tufts  were  at  this  time  very 
abtmdant  on  the  upper  surface.  No  infection  had  taken  place  on  the  check  tree. 
After  three  months  many  of  the  smaller  spots  had  coalesced  to  form  reddish  brown 
areas  up  to  20  mm.  in  diameter. 

ExPBRiHBNT  No.  3  (Apr.  29,  1912). — ^The  tender  leaves  of  two  seedlings  were 
inoculated  on  both  surfaces  from  5-weeks-old  com-meal-agar  cultures  (strain  33). 
These  and  the  two  check  trees  were  left  tmder  bell  jars  for  six  days,  the  leaves  being 
sprinkled  on  the  second  and  fourth  days.  At  10  days  infection  was  just  becoming 
evident,  while  at  the  end  of  one  month  all  but  one  of  the  inoculated  leaves  were 
peppered  with  the  more  or  less  angular  reddish  brown  spots.  After  six  weeks  the 
development  of  conidial  tufts  began  to  take  place  on  the  upper  leaf  surfaces. 

ExPBRiMSNT  No.  4  (May  28,  1912). — ^The  tender  leaves  of  two  seedlings  were  inocu- 
lated on  the  lower  surface  from  a  month -old  synthetic-agar  ctdture  (strain  33)  and 
these,  with  the  single  check  tree,  were  covered  with  bell  jars  for  six  days.  Observa- 
tions after  three  weeks  showed  the  typical  spots  of  this  disease  up  to  3  and  in  one 
case  6  mm.  in  diameter.  The  conidial  tufts  were  just  beginning  to  form.  No  in- 
fection occurred  on  the  check  tree. 

ExPBRiMBNT  No.  5  (May  29,  1912). — ^The  young  leaves  of  two  seedlings  were  inocu- 
lated from  a  month-old  culture  (strain  33)  on  sterile  pecan  wood,  and  the  tree  was 
left  under  a  bell  jar  for  several  da)rs.  At  the  end  of  one  month  numerous  somewhat 
angular  reddish  brown  spots  were  evident  on  all  the  leaves,  and  these  varied  in  size 
from  mere  specks  to  areas  10  or  15  mm.  in  diameter.  After  six  weeks  the  development 
of  conidial  tufts  had  commenced.    No  infection  occurred  on  the  single  check  tree. 

Experiment  No.  6  (Jime  7,  1912). — ^The  rather  mature  leaves  of  two  seedlings  were 
inoctdated  on  both  surfaces  hova.  a  4- weeks-old  synthetic-agar  culture  (strain  113,  an 
isolation  from  the  artificially  infected  leaves  described  in  experiment  No.  i).  The 
air  was  hot  and  dry  at  this  time,  and  hence  the  bell  jars  were  left  over  these  trees  and 
the  three  checks  for  eight  days.  Observations  at  the  end  of  two  weeks  showed  the 
development  of  typical  spots  on  all  the  inoculated  leaves,  and  at  one  month  the 
formation  of  conidial  tufts  had  begun. 

ExPBRiMBNT  No.  ^  (3  p.  m.,  May  23,  1912). — ^The  tender  leaves  of  a  young  tree  of 
the  Schley  variety  at  Arlington  Farm,  Virginia,  were  inoculated  on  both  surfaces 
from  a  4- weeks-old  prune-agar  culture  (strain  33).  The  day  was  cloudy,  but  the  hot, 
dry  weather  of  the  following  week  prevented  infection. 

ExpbrucBnt  No.  8  (2.30  p.  m.,  Jime  7,  1912). — ^A  second  young  Schley  pecan  tree 
at  Arlington  Farm  was  inoculated  from  a  4-weeks-old  synthetic-agar  culture  (strain 
113).  The  day  was  cloudy,  and  the  leaves  were  covered  with  moistened  cotton  to 
further  insure  the  growth  of  the  fungus.  The  weather  was  rather  hot  and  dry  for 
several  days  afterwards,  but  this  period  was  followed  by  a  day  or  so  of  rain.  Later 
observations  showed  a  moderate  nimiber  of  the  typical  spots  on  the  inoculated  leaves, 
while  the  check  leaves  showed  no  signs  of  the  disease. 

ExPBRiMBNT  No.  9  (3  p.  m.,  June  15,  1912). — In  a  similar  manner  the  four  to  six 
young  shoots  of  three  Schley  pecan  trees  at  Arlington  Farm  were  inoculated  from 
6-week»-old  oom-meal  flask  cultures  (strain  33).  In  this  case  the  shoots  on  one  inocu- 
lated and  one  check  tree  were  covered  by  heavy  paraffined  paper  bags  containing 
moist  blotting  paper  to  insure  a  high  humidity  around  the  inoculated  leaves,  while 
those  on  one  check  and  two  inoculated  trees  were  left  uncovered.  Showers  occurred 
on  the  two  following  days.  Examination  in  the  fall  showed  many  of  the  typical  spots 
developed  on  the  inoculated  leaves  covered  by  the  bags  and  on  those  of  one  tree  left 
uncovered.    There  was  no  infection  on  any  of  the  check  trees. 

EXPBRIMBNT  No.  ID  (Jtmc  1 5,  1913). — ^The  young  leaves  of  one  potted  seedling  and 
the  mature  leaves  of  another  were  inoculated  from  a  6-week»old  corn-meal  flask 
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culture  (strain  33)  and  covered  with  bell  jars.  An  uninoculated  check  tree  was  cov- 
ered in  the  same  way.  The  trees  were  sprinkled  twice  between  Jtme  15  and  20,  and 
the  bell  jars  were  removed  on  the  latter  date,  at  which  time  definite  infection  was  noted 
on  the  first  inoculated  tree,  but  none  was  on  the  second  or  on  the  check  tree.  An 
accident  to  these  trees  prevented  further  observations. 

ExpBRiMBNT  No.  II  (Dec.  18,  1912). — ^The  partly  mature  leaves  of  a  seedling 
pecan  were  inoculated  from  an  8-week»old  com-meal-a^ar  culture  (strain  113).  This 
and  one  check  tree  were  left  imder  a  bell  jar  for  three  days,  when  tiny  reddish  brown 
specks  could  be  recognized  over  the  inoculated  areas.  After  bleaching  and  staining, 
these  leaves  were  examined  for  the  mode  of  entrance  of  the  fungus  into  the  leaf. 
Many  cases  were  fotmd  in  which  the  mycelial  threads  had  passed  through  the  open- 
ings in  the  stomata.  In  all  probability  this  mode  of  infection  occurs  in  the  field  from 
the  germination  of  the  spores,  but  this  point  has  not  been  proved  by  artificial  infectioa, 
on  accotmt  of  the  lack  of  distinct  conidial  formation  in  culture. 

Cultural  Studibs 

THERMAL  TESTS 

Several  series  of  com-meal-agar  slant  cultures  were  grown  for  two  to 
three  weeks  in  constant-temperature  incubators  ranging  from  i®  to  40**  C. 
No  growth  took  place  below  5^  or  above  35**.  After  two  to  three  weeks' 
incubation  growth  at  8°  had  barely  started,  while  the  rate  gradually 
increased  up  to  30**  (86°  F.),  this  giving  the  highest  rate  for  the  tem- 
peratures tested.  Growth  at  32°  was  about  the  same  as  at  14®.  (Cul- 
tures incubated  two  to  three  weeks  at  36°  and  40°  gave  no  signs  of  life 
when  subsequently  held  at  room  temperature,  while  those  incubated  at 
2°  and  4°  made  a  perfectly  normal  growth  when  placed  under  favorable 
conditions. 

CULTURAL  CHARACTERS 

The  cultural  characters  of  the  fungus  as  grown  upon  several  of  the 
more  common  media  are  briefly  described  below.  No  distinct  develop- 
ment of  conidia  has  been  observed  in  cidtures  of  the  fungus. 

Beef-Agar  Slant  Tubes. — The  colonies  are  convex,  approximately  raw  umber 
in  color,  glistening  and  smooth  at  first,  but  later  becoming  wrinkled  and  finally  attain- 
ing a  diameter  of  10  to  12  mm.  Aerial  mycelium  where  present  has  been  very  sparse. 
The  submerged  mycelium  consists  of  a  pale-olive,  tangled  mass  of  h3rphie  with  many 
swollen  and  contorted  cells. 

Beef  Broth. — ^The  entirely  submerged  and  dirty-whitish  colonies  consist  of  a 
rounded  filmy  mass  of  threadlike  mycelium  with  but  few  swollen  cells.  Some  of  the 
hyphae  are  beaded  in  appearance. 

Com-Meal-Agar  Slant  Tubes  (PI.  XXXVII,  fig.  IQ.— The  submerged  growth  which 
is  usually  the  most  prominent  part  is  seal  brown  to  black,  while  the  somewhat  cottony 
aerial  mycelium  is  pinkish.  After  an  incubation  of  one  to  two  weeks  a  distinct  violet 
tinge  is  assumed  by  the  whole  agar  plug,  and  the  combination  of  pigment  and  gela- 
tinous medium  gives  an  opalescent  appearance  to  the  whole.  Colonies  ctften  reach  a 
diameter  of  1 5  mm .  Except  for  the  rather  scant  aerial  mycelium,  the  growth  is  entirely 
below  the  surface  of  the  meditun  where  the  hyphse  consist  of  more  or  less  distorted, 
dark  olive-brown  cells. 

Corn-Meal  Flask  Cultures. — ^The  colonies  are  cottony  to  plushlike  in  surface 
appearance,  with  a  wide  variation  of  color  comprising  white  to  pale  pink  in  the  cottony 
parts  and  shades  of  raw  sienna,  btunt  umber,  and  Venetian  red  elsewhere.    A  diameter 
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of  50  or  more  mm.  is  <^ten  attained  by  individual  colonies  after  a  growth  of  several 
weeks. 

Filter  Paper. — Growth  on  filter  paper  moistened  with  sterile  distilled  water 
caused  the  formation  of  dark  reddish  brown  circular  spots  very  similar  in  appearance 
to  those  formed  on  the  leaf,  while  for  a  radius  of  10  to  12  mm.  around  the  spot  the  paper 
took  on  a  pinkish  cast.  An  extremely  scant  white  to  pinkish  aerial  mycelitun  was 
often  developed. 

Qxalic-Acid-Agar  Slant  Tubes. — Colonies  are  more  or  less  convex,  becoming 
wrinkled  with  age.  The  rather  scant  aerial  growth  is  white  to  pale  pink,  while  the 
submerged  mycelium  is  seal  brown  to  black  and  made  up  of  densely  anastomosing  and 
variously  contorted  hyphs.  The  colonies  are  rarely  over  10  mm.  in  diameter.  After 
several  weeks'  growth  the  medium  loses  its  pink  color  and  assumes  the  shade  of  ordi- 
nary beef  agar. 

R>tato  Cylinders. — ^The  colonies  are  very  convex,  with  white  to  pinkish  aerial 
mycelium  and  olive-gray  surface  growth  which  becomes  much  wrinkled  with  age. 
A  diameter  beyond  8  to  10  mm.  is  rarely  attained.  The  potato  cylinder  assumes  a 
dark-gray  cast  for  several  millimeters  beyond  the  outermost  fmigous  growth,  due 
evidently  to  enzym  action. 

Prune-Agar  Slant  Tubes. — ^The  colonies  are  little  or  not  at  all  raised  above  the 
surface  of  the  agar,  with  a  fine,  velvety,  Indian  red  aerial  growth.  In  the  older  and 
drier  parts  of  the  culture  a  scant  white  to  pinkish  aerial  mycelium  develops.  A 
diameter  of  about  15  mm.  is  usually  attained. 

Synthetic-Agar  Slant  Tubes  (PI.  XXXVII,  Fig.  /).— The  cokmies  are  extremely 
convex  with  a  light  to  dark  olive-green  velvety  surface  growth.  Numerous  guttate 
drops  of  liquid  are  scattered  over  the  surface  during  the  earlier  stages.  A  dark-brown 
to  black,  leathery  pseudoparenchyma  is  developed  beneath  the  surface,  and  with  age 
the  whole  colony  becomes  considerably  wrinkled.  Growth  continues  imtil  the  agar 
has  almost  completely  dried  down,  so  that  the  whole  slant  surface  of  the  medium  is 
often  eventually  covered  by  the  fungus. 

Morphology  and  Taxonomy 

A  comparison  of  the  characters  of  this  fungus  with  the  description  of  a 
Clasterosporium  published  by  Heald  and  Wolf  and  an  examination  of 
their  type  material  deposited  in  the  pathological  herbarium  of  the  Bureau 
of  Plant  Industry  have  shown  that  the  two  are  undoubtedly  the  same 
species.     Their  description  is  as  follows: 

Clasterosporium  diffusum. — ^Mactdis  indefinite  marginatis,  amphigenis;  irregularibus, 
aequaliter  bnmneis,  5-10  mm.  diam.;  hyphis  effusis  prostratis,  saepe  laxe  gregariis 
atque  erectis;  conidiis  curvulis,  clavatis,  pltuiseptatis,  bnmneis,  45-135  X  4-5  fi. 

On  Hicoria pecan  (Marsh)  Britton.  Victoria,  2536;  Gonzales,  2695  (type);  Yoakum 
2770,  Halletsville,  2783. 

This  fungus  produces  circular  or  irregular,  indefinite  margined,  blown  spots,  which 
are  uniformly  brown  on  both  surfaces  of  the  leaflets.  Dark-brown  hyphae  run 
throughout  the  dead  tissue  or  creep  over  either  surface  of  the  afifected  area,  or  are 
sometimes  aggregated  to  produce  clusters  of  erect  conidiophores.^ 

After  a  careful  study  of  this  fungus  from  both  the  humid  and  semi- 
arid  parts  of  the  pecan  belt  it  has  seemed  to  the  writer  to  conform  more 
nearly  with  the  Cercospora  than  with  Clasterosporium  characters. 
*      Typically,  the  latter  is  saprophytic  and  possesses  a  prostrate  or  creeping 
mycelium  with  sporophores  either  short  or  differing  but  little  from  the 

»  Heald,  F.  D..  and  Wolf,  P.  A.    New  spedes  of  Texas  fungi.    Mycologia.  ▼.  3,  no.  i,  p.  ax,  1911. 
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conidia.  The  latter  are  borne  singly,  rarely  in  clusters,  and  are  largely 
straight,  with  rounded  ends. 

The  Cercosporas,  on  the  other  hand,  are  mostly  parasitic,  and  fonn 
leaf  spots.  The  sporophores  are  developed  in  thick  bundles,  either 
through  the  stomata  and  from  mycelitun  within  the  leaf  tissues  which 
often  takes  the  form  of  a  stroma  beneath  the  stomatal  opening  or  by 
sporophores  breaking  through  the  epidermis  irregularly.  The  conidia 
are  longish-cylindrical  or  spindle-shaped,  occasionally  somewhat  club- 
shaped,  straight  or  bent,  and  often  with  a  long  drawn-out  point. 

As  observed  in  the  humid  sections,  the  t3rpical  forms  of  this  fungus 
had  the  densely  clustered  sporophores  which,  occurring  mostly  on  the 
upper  leaf  surface,  have  arisen  from  a  stroma  breaking  through  the 
epidermis  rather  than  through  the  stomatal  openings.  (Fig.  3.)  The 
mycelitun  is  largely  within  the  leaf  tissue  and  is  intercellular,  but  is  also 
found  creeping  over  the  leaf  surface  and  giving  rise  here  and  there  to 
single  conidiophores.     In  the  semiarid  sections  the  latter  t)rpe  of  spore 
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formation  appears  to  be  the  more  frequent.     The  conidia  are  long,  usu- 
ally somewhat  club-shaped,  and  with  the  apical  end  the  more  pointed. 

It  will  be  seen  that  the  fungus  possesses  some  characters  of  both 
genera.  However,  since  under  conditions  favorable  to  fungus  growth  the 
Cercospora  characters  greatly  predominate,  it  has  seemed  best  to  place 
it  in  this  genus.  Of  course  parasitism  or  nonparasitism  should  scarcely 
be  given  a  generic  value,  but  this  point  at  least  adds  further  weight  to 
the  present  decision.  Furthermore,  since  a  Cercospora  diffusa  has  been 
previously  described  by  Ellis  and  Everhart  *  as  occurring  upon  leaves  of 
Physalis  lanceokLia^  it  becomes  necessary  to  change  also  the  specific  name 
of  this  pecan  fungus.  The  emended  description  of  the  fungus  is  given 
below. 
Cercospora  fusca,  emend,  sp. 

Syn.  CUuUrosporium  diffuswn  HeaM  and  Wolf. 

Leaf  spots  up  to  10  or  15  mm.  in  diameter,  at  first  somewhat  angular  and  bounded 
by  the  veins,  becoming  roundish  to  irregular  and  with  more  indefinite  margin,  dark  % 
reddish  btown  on  both  leaf  stufaces. 

1  Ellis,  J.  B.,  and  Everhart,  B.  M.    Additions  to  Ramularia  and  Cercospora.    Jour,  ol  ICyooL.  v.  4.  no. 
z.  p.  3,  Z888. 
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Mycelium  dark  t»own  and  septate,  intercellular,  sometimes  also  creeping  over  the 
leaf  surf  aces. 

Conidiophores  mostly  epiphyllous,  short  and  erect,  typically  in  dense,  tawny 
clusters  from  stromata  developed  beneath  the  epidermis  and  later  btu-sting  through, 
also  arising  singly  from  the  prostrate  surface  mycelium. 

Conidia  pale  olive  brown,  highly  variable  in  size,  30  to  100^  or  more  by  3  to  6^  (see 
figs.  4  and  5),  usually  curved,  typically  subclavate,  multicelltdar,  septa  less  frequent 
toward  the  more  pointed  apical  end. 

Habitat. — Living  leaves  of  Carya  illinoensis.  Southern  States.  Also  possibly  occur- 
ring on  other  species  of  Carya.  Diseased  nuts  or  leaves  seen  by  the  writer  at  Orange- 
burg, Sumter,  and  Charleston,  S.  C. ;  Americus,  Albany,  DeWitt,  Hardaway,  Bacon- 
ton,  Thomasville,  Cairo,  Bainbridge,  and  Valdosta,  Ga.;  Tallahassee,  Newport,  Monti- 
celb,  Glen  St.  Mary,  St.  Augustine,  Palatka,  Gainesville,  Ocala,  and  Belleview,  Fla. ; 
New  Orleans,  La.;  and  at  Waring  and  San  An-  « 

tonio,  Tex.    Reported  also  by  Heald  and  Wolf  ^      ^^ 
from  Victoria,  Gonzales,  Yoakum,  and  Hallets- 
ville,  Tex. 

PECAN  ANTHRACNOSE 

(Catued  by  GlomereOa  dngtUata  (Stonem.)  S.  and  v.  S.] 
HISTORY  AND  DISTRIBUTION 

Pecan  anthracnose,  variously  known 
among  pecan  growers  as  "leaf -blotch*' 
and  "rust,"  was  first  noted  by  the  writer 
during  the  summer  and  fall  of  1 910,  at 
which  time  single-spore  strains  of  the 
causal  ftmgus  were  obtained  from  per- 
ithecia  matured  on  the  leaves  in  a  damp 
chamber.  Studies  of  these  cultures  were 
carried  out  during  the  following  winter, 
and  a  preliminary  description  of  the 
fungus  later  appeared  under  the  name 
of  Mycosphaerella  convexula? 

Further  cultural  studies  of  the  ftmgus  brought  out  changes  in  its 
morphology  sufl&dent  to  throw  it  out  of  the  genus  Mycosphaerella,  and 
these,  together  with  cross-inoculation  experiments  upon  the  apple,  indi- 
cated its  dose  affinity  to  the  apple  bitter-rot  caused  by  Glomerella 
cingulaia?  No  other  published  information  concerning  this  disease  has 
come  to  the  notice  of  the  writer. 

Pecan  anthracnose  seems  to  be  wdl  distributed  throughout  the  eastern 
part  of  the  pecan-growing  territory,  but  it  has  thus  far  usually  occurred 
only  to  a  limited  extent  at  any  one  place.  Diseased  leaves  or  nuts  have 
been  collected  by  the  writer  at  Orangeburg,  Sumter,  Summerton,  Charles- 
ton, and  Aiken,  S.  C;  at  niunerous  places  in  southern  Georgia  and 

>  HoOd.  p.  D..  and  Wotf.  p.  A.    Loc.  dt. 

s  Rand.  P.  V.    A  pecan  leaf-blotdi.    PhytofMithology.  v.  z.  no.  4,  p.  133-138.  3  fie.,  zgii. 

'Rand,  P.  V.    Purther  studies  on  the  pecan  "rust."    Science,  n.  s.,  ▼.  35.  no.  913.  p.  1004. 19x3. 
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northern  Florida,  including  Albany,  Dewitt,  Baconton,  Thomasville, 
Cairo,  and  Bainbridge,  Ga.,  and  Tallahassee,  Newport,  Monticello, 
Jacksonville,  St.  Augustine,  and  Belleview,  Fla.;  and  at  San  Saba,  Tex. 

SYMPTOMS  OF  THE  DISEASE 

The  disease  has  been  found  to  occur  on  both  leaves  and  nuts  of  the 
pecan.  On  the  leaves  it  appears  in  the  form  of  irregular,  reddish  to 
grayish  brown  blotches  varying  greatly  in  size  and  eventually  often  cov- 
ering the  whole  leaf.  (PI.  XXXVII,  fig.  B.)  The  color  of  the  affected 
areas  is  the  same  on  both  surfaces.  Under  conditions  of  moderate 
htunidity,  spores  of  the  Gloeosporitun  type  are  developed  singly,  but 
with  favorable  temperature  and  moisture  the  acervuli  with  exuding  pink 
spore  masses  and  the  black  peritheda  appear  rather  thickly  scattered 
over  the  diseased  blotches.  When  the  greater  part  of  the  leaf  blade 
becomes  involved,  it  usually  falls  to  the  ground,  and  it  is  here,  under 
natural  conditions,  that  the  acervuli  and  peritheda  are  developed. 

The  blotches  on  the  nuts  are  also  irregular  in  outline,  but  are  nearly 
or  quite  black  and  often  slightly  sunken  bdow  the  surrounding  healthy 
tissue.  (PI.  XXXVII,  fig.  F.)  The  peritheda  and  the  densdy  gregarious 
acervuli  are  formed  under  the  same  conditions  as  on  the  leaves,  but  the 
peritheda  have  been  fotmd  on  the  nuts  with  much  less  frequency.  A 
serious  dropping  of  the  partially  grown  nuts  sometimes  occurs  from  this 
cause. 

A  watery  condition  of  the  kernel  is  frequently  found  in  connection 
with  the  anthracnose  blotches.  It  is  doubtful,  however,  whether  it  has 
anything  to  do  with  this  disease,  for  the  same  condition  prevails  both 
with  and  without  external  signs  of  injury,  while  both  cultural  methods 
and  microscopical  study  have  thus  far  failed  to  locate  any  microorganisms 
in  the  watery  kernels. 

MYCOLOGICAL   AND   PATHOLOGICAL   STUDIES 

Isolation  of  the  Fungus 

No  mature  peritheda  have  as  yet  been  found  on  fresh  leaves  or  nuts, 
but  at  various  times  during  the  last  three  seasons  ripe  asci  have  been 
readily  devdoped  on  affected  leaves  after  an  incubation  of  one  or  two 
weeks  in  a  damp  chamber.  The  original  strains  of  the  ftmgus  were 
obtained  in  this  way  from  nursery-tree  leaves  collected  in  the  fall  of  1910 
at  Baconton,  Ga.,  and  were  each  started  from  a  single,  apparently  2 -celled 
ascospore  the  germination  of  which  was  closely  followed  under  the  micro- 
scope to  preclude  the  possibility  of  contamination.  On  several  different 
culture  media  the  colonies  at  once  developed  peritheda  suggesting  the 
genus  Mycosphaerella,  and  the  great  majority  of  the  slightly  curved 
ascospores  were  apparently  2-celled,  though  a  few  showed  no  signs  of  a 
cross-septum. 
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After  carrying  in  culture  for  about  two  months,  a  few  spores  were  noted 
which  were  i -celled,  oblong,  and  slightly  smaller  than  the  typical  asco- 
spores.  These  conidia  as  first  noted  were  borne  hyphomycetously,  but 
later  were  found  developing  from  dense  groups  of  modified  fungous  cells 
like  an  acervtdus  and  in  size  and  shape  resembling  a  typical  Gloeosporium. 
For  some  time  it  was  thought  that  this  was  a  contamination,  though  no 
possibility  of  such  an  occurrence  could  be  found.  However,  in  order  to 
determine  this  point  with  certainty,  single-spore  cultures  were  started 
from  the  2-celled  ascospores  and  also  from  the  conidia,  each  individual 
spore  being  isolated  and  its  germination  carefully  followed  microscopi- 
cally. The  resulting  two  series  of  cultures  were  similar  macroscopically, 
and  both  soon  developed  typical  peritheda  and  ascospores,  and  also  the 
Gloeosporium  conidia.  This  procedure  was  repeated  30  or  40  times  with 
a  like  result  in  all  cases.  In  several  instances  the  germinating  ascospores 
had  within  24  to  48  hours  developed  mycelial  threads  which  were  cutting 
off  conidia  in  considerable  numbers,  and  in  these  cases  the  hyphal  con- 
nection could  frequently  be  traced  from  the  parent  ascospore  to  the 
conidium. 

However,  it  was  noted  after  eight  or  nine  months'  growth  in  culture 
that  the  2-celled  ascospores  were  becoming  fewer  in  proportion  to  the 
i-celled,  and  this  tendency  has  continued  until  now,  after  more  than  two 
years  in  culture,  the  majority  of  the  ascospores  are  i -celled,  though  still 
of  the  original  form  and  size. 

The  possibility  suggested  itself  that  perhaps  many  of  the  apparent 
septa  were  in  reality  merely  a  denser  layer  of  cytoplasm  across  the  center 
of  the  single  cell  and  that  after  many  generations  of  growth  in  culture  this 
C3rtoplasm  had  for  some  reason  become  more  homogeneous.  Whatever 
the  explanation,  the  fact  remains  that  in  these  original  strains  a  change 
has  tak.en  place  from  a  majority  production  of  apparently  2-celled  to 
that  of  I -celled  ascospores  and  that  the  production  of  acervuli  has  become 
quite  as  abundant  as  that  of  the  perithecia.  It  should  be  added,  how- 
ever, that  many  of  the  ascospores  possessed  an  undoubted  septum,  as 
dearly  brought  out  by  staining. 

During  the  last  two  years  10  or  12  other  strains  of  the  fungus  have  been 
obtained  from  both  conidia  and  ascospores  developed  on  naturally 
infected  leaves  and  nuts.  In  these  cases  most  of  the  ascospores  have 
been  imicellular,  though  a  few  have  been  fotmd  with  a  cross  partition 
clearly  brot^ht  out  by  staining. 

Inoculations 

Several  series  of  inoculation  tests  have  been  carried  out  on  the  leaves, 
but  on  account  of  the  exigencies  of  field  travel  and  the  difficulty  of  obtain- 
ii^  suitable  material  and  conditions  only  two  sets  of  infection  experiments 
have  been  tried  on  the  nuts. 
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From  the  similarity  of  this,  fungus  to  the  Glomerella  rot  of  apples  and 
from  the  omnivorous  character  of  the  latter  species,  as  brought  out  in  a 
paper  read  by  Shear  *  at  the  191 1  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  it  was  decided  to  make  several  cross- 
inoculation  tests  on  the  apple.  The  results  of  inoculation  tests  on  leaves 
and  nuts  and  of  the  cross-inoculation  work  on  the  apple  are  given  in  the 
following  pages. 

LBAVBS 

BxPBRiMBNT  No.  I  (Feb.  16,  1911). — A  distilled  water  suspension  ol  asoospores 
from  a  month-old  corn-meal  flask  culture  (strain  17,  Baconton,  Ga.,  1910)  was  sprayed 
upon  the  lower  surfaces  of  six  potted  pecan  seedlings.  Three  of  the  seedlings  were 
under  bell  jars  for  four  days,  while  the  remaining  three  were  left  tmcovered  throu^- 
out  the  experiment.  Observations  at  the  end  of  a  week  showed  no  signs  oi  infection, 
but  at  four  weeks  numerous  small  discolored  areas  had  developed  on  the  foliage  of 
the  first  three  trees  and  on  that  of  all  but  one  of  the  others.  The  three  check  trees 
which  had  been  sprayed  with  distilled  water  and  left  under  bell  jars  for  four  days 
were  sotmd.  No  ftuther  development  of  the  disease  was  apparent  for  some  time,  but 
during  the  latter  part  of  June  large,  dull  reddish  brown  areas  were  noted  on  the  leaves 
of  the  first  three  inoculated  trees  and  on  one  of  those  which  had  not  been  coveied 
with  a  bell  jar.  Specimens  of  these  diseased  leaves  were  at  once  collected,  and  a 
microscopical  examination  showed  the  development  ci  an  occasional  Gloeosporium 
conidium.  The  leaves  were  then  placed  in  a  damp  chamber,  and  after  several  days 
numerous  acervuli  had  developed  and  were  exuding  the  typical  pink  spore  masses 
in  abundance.     Reisolations  of  the  ftmgus  were  made  from  these  acervuli. 

ExPBRiMBNT  No.  2  (Mar.  15,  191 2). — Conidia  (strain  17)  from  2- weeks-old  com- 
meal-agar  cultures  were  mixed  with  sterile  distilled  water  and  sprayed  upon  the 
leaves  of  four  potted  seedling  trees,  which  were  then  left  under  beU  jars  for  five 
days.  Two  check  trees  were  sprayed  with  sterile  distilled  water  alone,  one  being 
left  under  a  bell  jar  for  five  days  and  the  other  uncovered.  After  four  weeks  it  was 
noted  that  discolored  areas  similar  to  those  noted  in  inoculation  experiment  No.  i 
had  suddenly  developed,  but  observation  at  ten  weeks  showed  no  fiuther  progress  of 
the  disease.  The  last  of  May,  however,  when  the  leaves  were  getting  well  matured, 
the  large,  dead,  brownish  areas  were  fairly  numerous  on  the  leaves  of  three  out  of  the 
fotu*  inoculated  trees.  The  check  trees  which  had  been  kept  on  the  same  bench  but 
somewhat  removed  from  the  infected  trees  were  entirely  normal.  Specimens  of  the 
infected  leaves  were  placed  in  a  damp  chamber,  where  in  a  few  days  the  Gloeosporium 
acervuli  were  formed. 

ExPBRiMBNT  No.  3  (Apr.  15,  1913). — Conidial  masses  from  a  young  com-meal-agsr 
culture  (strain  17)  were  smeared  upon  both  surfaces  of  the  moistened  leaflets  of  two 
potted  seedlings,  one  of  which  was  left  under  a  bell  jar  for  several  days.  Two  check 
trees  were  similarly  treated,  but  not  inoculated.  No  discoloration  of  the  leaves  fol- 
lowed for  several  weeks,  but  on  May  20  several  dead,  brownish  areas  were  noted  on  th** 
leaves  of  the  inoculated  tree  which  had  been  under  a  bell  jar.  These  leaves  were 
placed  in  a  damp  chamber  and  in  a  week  had  formed  numerous  acervuli  with  the 
typical  pink  spore  masses. 

EXPBRIMBNT  No.  4  (May  i,  1912). — ^Two  of  the  yoimger  leaves  from  a  Sovereign 
pecan  were  placed  in  a  damp  chamber  and  sprayed  with  a  sterile  distilled-water  sus- 
pension of  conidia  from  a  2 -months-old  com-meal-agar  culture  (strain  17).  The  sur- 
face of  some  of  the  leaflets  was  slightly  abraded  with  a  needle  before  inoculation.  At 
the  end  of  two  weeks  large  dull-brown  areas  had  developed  on  most  of  the  leaflets,  both 

1  Shear.  C.  L.    Variation  in  GkMnerdla.    (Abstract.)    Science,  n.  s..  v.  35.  no.  891.  p.  15a.  191'- 
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where  abraded  and  where  the  surface  was  left  intact.  The  largest  of  these  irregular 
^Krts  covered  as  much  as  half  the  surface  of  the  leaflets,  and  numerous  perithecia  were 
fonning,  though  only  a  few  were  mature  at  this  time.  When  3  weeks  old  the  spots 
had  increased  in  area  so  as  to  involve  most  of  the  tissue,  and  most  of  the  perithecia 
were  mature,  bearing  the  typical  curved  asoospores  in  abimdance.  No  acervuli  or 
scattered  conidia  were  noted. 

ExPBRiMBNT  No.  $  (May  29,  1912). — ^Twenty  young  seedling  pecan  leaves  were 
placed  in  damp  chambers  and  lightly  sprayed  with  a  distilled  water  suspension  of 
conidia  and  asoospores  from  a  5-weeks-old  com-meal-agar  ciilture  (strain  17).  On 
the  third  day  small  brownish  areas  had  developed  here  and  there  over  the  leaf  sur- 
faces. On  the  eighth  day  these  had  nearly  covered  the  leaves,  and  numerous  peri- 
thecia, together  with  an  occasional  acervulus,  had  developed  in  the  dead  tissue. 
(PI.  XXXVII,  fig.  B.)  These  fruiting  bodies  occurred  in  greater  abtmdance  on  the* 
tower  side  of  the  leaves,  but  frequently  on  both  upper  and  lower  surfaces.  The  incip- 
ient perithecia  and  acervuli  developed  beneath  the  epidermis,  but  later  btu^t  through 
and  became  partly  superficial. 

ExPBRiMBNT  No.  6  (Oct.  32,  1912). — Six  vigorous  but  mature  leafy  pecan  shoots 
were  sprayed  with  a  sterile  distilled- water  suspension  of  conidia  from  strain  123 
obtained  ixom  diseased  nuts,  and  a  similar  number  with  strain  150  obtained  from  a 
naturally  infected  apple.  The  shoots  were  cut  under  water  and  the  lower  ends  placed 
in  bottl^  of  water  under  slightly  ventilated  bell  jars.  Nine  check  shoots  were  trea^d 
in  the  same  way,  except  that  they  were  not  inoculated. 

At  three  days  many  of  the  inoculated  leaves  in  both  sets  had  begun  to  show  the  dead, 
brownish  areas  characteristic  of  the  disease.  After  seven  days  these  areas  had  in  some 
cases  involved  nearly  the  whole  leaf,  with  the  development  of  acervuli  in  moderate 
numbers.    The  check  leaves  were  still  green  and  healthy. 

ExPBRiMBNT  No.  7  (Mar.  25, 1913). — Distilled-water  suspensions  of  conidia  from  one 
apple  strain  and  three  pecan  strains  of  the  ftmgus  were  sprayed  over  yotmg  seedling 
pecan  leaves  in  damp  chambers.  After  three  days  sample  leaves  from  each  set  were 
collected  and  prepared  for  microscopical  examination.  A  small  percentage  of  the 
conidia,  varying  somewhat  with  the  different  strains,  had  sent  out  germ  tubes.  Some 
of  the  short  hyphe  were  terminated  by  appressoria.  In  one  or  two  cases  the  germ 
tube  was  traced  into  the  opening  of  a  stoma.  Thb  method  of  infection  agrees  with  that 
described  by  Shear  *  for  Gloeosporiums  on  a  wide  variety  of  hosts. 

After  five  days  several  of  the  leaflets  in  each  set  exhibited  typical  infection  areas 
up  to  30  mm.  in  diameter.  However,  on  accotmt  of  a  field  trip,  no  further  obser- 
vations were  made  on  this  experiment. 

NUTS 

ExpBRiMBNT  No.  I  (Oct.  22,  1912). — ^These  inoculations  were  from  strain  123, 
obtained  in  October,  1912,  from  blackened  nut  shucks  sent  in  from  Thomasville,  Ga., 
by  Mr.  C.  A.  Reed.  Terminal  shoots  bearing  healthy  green  pecans  were  kindly 
furnished  by  Mr.  J.  B.  Johnson,  of  Manassas,  Va.  These  shoots  were  cut  under  water 
to  prevent  clogging  of  the  vascular  system,  placed  with  the  cut  ends  in  bottles  of 
water,  and  sprayed  with  a  distilled-water  suspension  of  the  conidia  from  this  strain. 
All  were  then  covered  with  bell  jars  ventilated  at  the  base  to  prevent  a  too  great 
stagnation  of  the  air,  but  at  the  same  time  to  furnish  sufficient  humidity  to  insure 
germination  of  the  spores.  The  check  shoots  were  treated  in  the  same  way,  except 
that  they  were  sprayed  with  distilled  water  alone. 

Group  A  consisted  of  7  shoots  bearing  9  nuts,  the  hulls  of  which  were  punctured 
with  a  sterile  needle  and  sprayed  with  sterile  distilled  water.    Group  B  consisted  of  2 

>  Shear.  C.  L.,  and  Wood.  Anna  K.  Studies  of  fungous  parasites  belonging  to  the  genus  OkmiereUa. 
U.  S.  Dept.  Agr..  Bur.  Plant  Indus,  fiul.  353.  xxo  p.,  x8  pi.,  4  &<•»  >9X3' 
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shoots  treated  in  the  same  way  but  unpunctured.  Gfoups  A  and  B  were  held  asdiedo. 
Group  C  consisted  of  8  shoots  bearing  10  nuts  the  hulls  of  which  were  punctured  vntk 
a  sterile  needle  and  sprayed  with  a  sterile  distilled-water  suspension  of  the  conidia. 
Group  D  consisted  of  6  shoots  bearing  8  pecans  which  were  inoculated  like  group  C, 
except  that  the  hulls  were  not  punctured.  Group  E  consisted  of  10  nuts  removed 
from  the  shoots,  their  hulls  punctured,  and  inoculated  with  a  suspension  of  comdia 
as  in  groups  C  and  D,  and  then  placed  in  damp  chambers. 

At  the  end  of  three  days  distinct  infection  had  occurred  on  all  the  nuts  with  punc- 
ture inoculations,  the  tissue  of  the  hulls  being  blackened  for  a  radius  of  2  to  5  mm. 
around  the  needle  ptmctures.  The  first  checks  had  the  tissue  blackened  for  a  radius 
of  about  0.5  mm.  around  the  needle  punctures,  while  the  nonpunctured  check  and 
inoculated  nuts  at  this  time  showed  no  evidence  of  infection.  Many  of  the  leaves 
'on  the  inoculated  shoots  were  developing  small,  irregular  brownish  areas,  while  the 
uninoculated  leaves  were  all  green  and  healthy. 

After  nine  days  groups  A  and  B  appeared  as  on  the  third  day.  The  veiy  narnnr 
margin  of  blackened  tissue  in  the  pimctured  checks  was  due  merely  to  the  mechanical 
injury  to  immediately  surroimding  cells,  and  no  further  injury  occurred  througbout 
the  experiment.  (PI.  XXXIII,  fig.  i,  A,)  All  the  pecans  in  group  C  (PI,  XXXIII, 
fig.  I,  C)  VTere  blackened  over  half  to  the  whole  of  their  surface,  and  aoervuli  were 
beginning  to  develop  over  the  dead  parts,  with  an  occasional  exudation  of  the  pink 
spgre  masses.  In  group  D  half  of  the  eight  nuts  had  blackened,  and  acervuli  had 
begun  to  develop,  but  the  others  gave  no  evidence  of  infection.  (PI.  XXXIII,  fig. 
I,  B.)  In  group  E  all  the  nuts  v^ere  blackened,  and  very  numerous  acervuli  with 
exuding  spore  masses  had  developed.  Reisolations  of  this  fungus  were  made  as  strain 
144.  Plate  XXXIII,  figure  2 ,  shoves  three  of  the  inoculated  nuts  after  further  devetop- 
ment  of  acervuli. 

AFPLSS 

ExPBRiMBNT  No.  I  (Dec.  30,  1911). — Five  sound  Jonathan  apples  direct  from  cold 
storage  were  placed  in  damp  chambers  and  inoculated  by  needle  ptmctures,  two  of 
them  with  conidia  and  three  with  ascospores  inserted  directly  into  the  punctures. 
Three  sotmd  apples  were  ptmctiured  with  sterile  needles  and  also  placed  in  damp 
chambers.  All  were  kept  overnight  at  35^  C,  and  subsequently  throughout  the 
experiment  at  laboratory  temperatures.  Examination  after  seven  days  showed  a 
decay  very  similar  in  appearance  to  bitter-rot  around  all  the  inoculation  punctures. 
The  check  apples  were  perfectly  sound.  These  cultures  were  kept  for  10  days,  with 
a  gradual  increase  in  the  size  of  the  decayed  areas  and  formation  of  incipient  fruiting 
bodies  but  no  spore  production. 

ExPBRiMBNT  No.  2  (Mar.  5, 1912). — ^Twelve  Yellow  NevTtown  apples  were  omilariy 
inoctdated  and  placed  in  damp  chambers,  one  half  being  inoculated  with  conidia 
and  the  other  half  with  ascospores  from  an  8-weeks-old  com-meal-agar  culture  (strain 
17).  Three  apples  from  each  set  were  held  at  28®  to  30®  C.  and  three  from  each  set 
at  laboratory  temperature.  Six  apples  pimctured  with  sterile  needles  and  placed  in 
damp  chambers  were  held  as  checks,  one  half  at  28°  to  30®  and  the  other  half  at  hibo- 
ratory  temperature.  At  the  end  of  a  week  the  ctdtures  were  examined,  and  all  the 
inoculated  apples  had  developed  a  decay  apparently  identical  with  bitter-rot,  but 
the  brownish  and  somewhat  simken  spots  had  increased  in  size  much  more  rapidly 
at  the  higher  temperature.  Two  weeks  later  perithecia  were  forming  and  the  conidia 
were  developing  in  considerable  ntmibers,  but  not  in  such  amount  as  to  give  the  pink 
spore  masses  characteristic  of  bitter^ot.  The  check  apples  at  both  temperatures 
remained  sotmd  to  the  end  of  the  experiment. 

ExPERDCBNT  No.  3  (Nov.  30,  1912). — Sotmd  Jonathan  and  Yellow  Newtown  apples 
direct  from  cold  storage  were  inoculated  with  three  strains  of  Glomerella  obtained 
from  the  pecan  and  with  one  strain  obtained  from  the  apple.    The  cultures  used 
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were  all  young  com-meal-agar-slant  tubes  of  tlie  same  age  and  bearing  the  Gloeospo- 
rium  stage  in  abundance.  Inoculations  were  by  needle  puncture  in  damp  chambers, 
and,  ¥nth  the  exception  of  group  A,  all  were  held  at  28**  to  30®  C.  for  48  hours;  after 
this  they  were  kept  at  laboratory  temperature.  Group  A  was  held  at  laboratory  tem- 
perature throughout. 

Group  A  consisted  of  three  Jonathan  apples  which  were  inoculated  with  strain  17, 
isolated  from  diseased  pecan  leaves  collected  at  Baconton,  Ga.,  in  the  fall  of  1910. 

Group  B  consisted  of  three  Jonathan  and  four  Yellow  Newtown  apples  inoculated 
¥nth  strain  123,  isolated  in  October,  1912,  from  diseased  nuts  from  Thomasville,  Ga. 

Group  C  consisted  of  four  Yellow  Newtown  apples  inoculated  with  strain  125  simi- 
larly obtained  from  diseased  nuts  collected  at  Stunter,  S.  C,  in  October,  1912. 

Gixmp  D  consisted  of  three  Yellow  I^ewtown  apples  inoculated  with  strain  150, 
obtained  in  October,  1912,  from  an  apple  naturally  affected  with  bitter-rot. 

Group  E  consisted  of  six  Jonathan  and  four  Yellow  Newtown  apples  treated  simi- 
larly but  not  inoculated. 

On  the  fouth  day  typical  bitter-rot  areas  had  developed  in  all  the  inoculated  ctd- 
tures.  In  group  A  the  spots  were  i  to  3  mm.,  while  in  B  to  D  they  were  3  to  20  mm.  in 
diameter.  It  should  be  stated  that  the  progress  of  the  tissue  decay  was  somewhat 
more  rapid  with  strains  125  and  123  than  with  150,  obtained  from  the  apple  itself. 
In  all  cases  the  pale  pinkish  white  mycelium  could  be  seen  protruding  in  tufts  from 
the  needle  punctures,  and  the  dark-colored  fruiting  bodies  were  developing.  There 
were  conidia  evident  at  this  time.  The  check  apples  remained  sotmd.  (PI.  XXXIV, 
fig.  A.) 

On  the  eleventh  day  the  spots  had  increased  considerably  in  size,  many  of  them 
being  15  to  20  mm.  in  diameter  and  becoming  confluent.  (PI.  XXXIV.)  Acervuli 
extruding  the  pink  spore  masses  occurred  in  dense  aggregations  over  the  infected 
tissues,  bei^g  considerably  more  abundant,  however,  in  strains  123  and  150  than  in 
the  othet  two.  No  perithecia  had  developed  as  yet,  and  even  after  six  weeks  none 
had  appeared  except  on  the  apples  inoculated  with  strain  123. 

ExPERiiiBNT  No.  4  (Mar.  21,  1913.) — Sound  Yellow  Newtown  apples  direct  from 
cold  storage  were  inoculated  as  in  experiment  3  with  two  strains  of  the  fungus  obtained 
from  diseased  nuts,  one  each  from  the  pecan  leaf  and  the  apple,  and  one  originally 
£rom  the  nut  but  reisolated  from  an  artificially  inoculated  apple. 

On  the  fotuth  day  bitter-rot  areas  had  developed  about  the  needle  punctures  in  the 
case  of  every  strain  tested,  while  the  check  apples  remained  perfectly  sound.  (PL 
XXXV.)  The  decaying  spots  rapidly  increased  in  size,  and  after  eight  days  the 
formation  of  acervuli  had  begtm. 

From  these  inoculation  tests  it  would  appear  that  this  fungus  is  para- 
sitic on  the  leaves  of  the  pecan,  though  usually  not  actively  injurious 
until  a  certain  stage  of  maturity  of  the  leaves  is  reached,  together  with 
favorable  conditions  of  temperature  and  humidity.  Field  observations 
also  bear  out  this  point. 

The  limited  inoculation  work  with  the  nuts,  taken  alone,  would  hardly 
justify  very  definite  conclusions,  but  as  far  as  they  go  the  experience 
with  leaf  inoculations  is  duplicated.  No  artificial  infection  tests  have 
been  made  upon  very  young  nut  hulls,  but  from  the  field  observations 
of  the  last  two  seasons  no  evidence  of  injury  during  the  early  part  of 
the  season  has  been  obtained.  The  disease  has  come  to  notice  only  from 
mid-season  on  until  fall.  These  observations  are  in  line  with  the  sea- 
sonal distribution  of  bitter-rot  as  it  occurs  on  the  apple. 
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The  cross-inoculations  upon  the  apple,  carried  simultaneously  mtb 
infections  by  the  apple  bitter-rot  fungus,  show  that  the  pecan  fungus 
from  both  leaves  and  nuts  is  at  least  physiologically  similar  to  the  Glom- 
erella  of  the  apple.  The  morphological  characters  will  be  discussed 
later. 

Cultural  Studiss 

thbrmal  tssts 

Several  series  of  com-meal-agar  cultures  were  grown  for  two  to  three 
weeks  at  temperatures  ranging  from  i®  to  35®  C.  As  a  result  of  these 
studies  it  was  found  that  no  growth  would  take  place  below  6®,  either 
with  freshly  inoculated  cultures  or  with  those  in  which  growth  had  already 
started  before  incubation.  At  7®  to  8®  the  growth  was  extremely  slow, 
but  gradually  increased  with  rise  of  temperature  until  the  maximum 
for  the  strains  tested  was  reached  at  about  30®. 

CULTURAL  CHARACTBRS 

Since  the  fall  of  1910  various  strains  of  the  fungus  have  been  grown 
on  the  common  culture  media,  and  their  appearance  tmder  different 
conditions  is  briefly  given  as  follows: 

Beef-Agar  Slant  Tubes. — ^The  colony  first  ^peais  as  a  colorless,  roundish ,  submerged 
mycelial  mass  which  at  ordinary  temperatures  generally  covers  the  slant  in  five  to 
seven  days,  while  one  to  several  groups  of  acervuli  or  black  perithecia  have  in  the 
meantime  usually  begun  to  form.  The  growth  is  at  first  entirely  submerged  and  the 
surface  of  the  slant  presents  a  smooth  glistening  appearance.  However,  after  some- 
thing like  two  weeks  a  small  amount  of  whitish  aerial  mycelium  makes  its  appearance 
toward  the  upper  edge  of  the  slant.  In  old  ciiltures  this  subide  may  sparsely  cover 
the  whole  surface,  while  the  submerged  parts  become  very  dark  colored. 

Corn-Meal  Flasks. — Growth  becomes  visible  in  two  to  three  days  as  a  roundish 
colony  several  millimeters  in  diameter,  with  sparse,  white  to  pinkish,  cottony  aerial 
mycelitun  in  which  are  usually  scattered  a  considerable  ntunber  of  dark  olive-biown 
dots.  These  dots  are  found  to  consist  of  numerous  interwoven  hyphee  with  swollen 
and  contorted  cells  in  process  of  uniting  to  form  a  pseudoparenchyma.  These  dark 
masses  later  develop  either  into  acervuli  or  perithecia. 

Corn-Meal- Agar  Slant  Tubes. — ^The  white  to  colorless  growth  is  at  first  submerged 
or  at  the  surface.  After  several  days  acervuli  or  perithecia  usually  begin  to  form 
and  a  scant  whitish  aerial  mycelium  may  appear  at  the  edges  of  the  sdant.  The  pink 
spore  masses  are  often  developed  without  the  formation  of  a  dark-colored  stroma, 
while  in  other  cases  this  stroma  may  be  the  most  conspicuous  part  of  the  acervulus. 
The  perithecia  are  developed  within  black  carbonaceous  masses  of  mycelium  which 
may  or  may  not  be  submerged  in  the  medium.  In  old  cultures  parts  of  the  submerged 
growth  often  become  olive  green  to  almost  black. 

Cooked-Potato  Cylinders. — Growth  first  becomes  evident  through  a  light-brown 
discoloration  of  the  tissue  immediately  arotmd  the  point  of  inoculation,  and  usually 
a  whitish  aerial  tuft  of  mycelium  appears  within  24  hours  at  the  center  of  the  dis- 
colored area.  This  breaking  down  of  the  tissue  progresses  rapidly  so  that  after  several 
days  the  whole  cylinder  becomes  involved.  The  white  to  pinkish  cottony  subicle 
develops  somewhat  more  slowly,  but  eventually  covers  the  cylinder  and  bears  the 
embedded  acervuli  or  perithecia. 
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PBDIGRBBD  CULTURES 

Starting  with  a  single  ascospore  and  a  single  conidium  from  the  same 
strain  of  the  fmigus,  two  series  of  com-meal-agar  cultures  were  carried 
for  five  generations.  Bach  generation  was  grown  for  three  weeks  before 
transfers  were  made  for  the  next  succeeding  generation,  and  conditions 
of  temperature  and  medium  were  made  as  uniform  as  possible  throughout 
the  1 5  weeks  of  the  test.  Observations  in  every  case  were  taken  at  three 
weeks.  In  the  first  strain  ascospores  were  always  used  in  making  the 
transfers,  while  conidia  alone  were  transferred  in  the  second  strain. 

Ascospore  Strain. — Generation  i  had  numerous  black,  carbonaceous,  perithecial 
groups  and  no  acervuli,  though  a  moderate  ntmiber  of  conidia  were  developed  hypho- 
mycetously. 

hi  generation  2  the  perithecia  and  acenmli  occurred  in  about  equal  numbers.  In 
many  cases  the  black  perithecial  clusters  were  surrounded  with  acervuli  which  were 
exuding  pink  masses  of  spores. 

Generation  3  exhibited  dense  black  masses  of  perithecia  near  the  base  of  the  slants 
and  a  considerable  number  of  acervuli  which  were  mostly  toward  the  upper  part. 

Generations  4  and  5  were  similar  to  the  last,  except  that  the  two  forms  were  more 
tmiformly  scattered  over  the  surface  of  the  culttues. 

Conidial  Strain. — Generation  i  had  numerous  acervuli  with  exuding  pink  spore 
masses,  but  no  perithecia. 

Generations  2  and  3  had  ntunerous  perithecial  groups  and  acervuli  well  scattered 
over  the  cultures,  with  neither  form  greatly  in  predominance. 

Generation  4  had  ntunerous  pink  spore  masses  along  the  streak,  and  perithecial 
clusters  in  moderate  ntunbers  near  the  base  of  the  slant. 

Generation  5  had  both  forms  in  about  equal  numbers  and  well  scattered  over  the 
surface  of  the  cultures. 

Fiu-ther  cultural  studies  carried  out  in  the  same  way  as  the  one  described 
above  have  given  essentially  the  same  results — ^namely,  that  a  strain 
producing  both  spore  forms  will  continue  to  produce  both  ascospores 
and  conidia  even  though  one  form  alone  is  used  in  reproduction.  Varia- 
tions have  occurred  from  time  to  time,  but  these  have  occurred  irregu- 
larly and  without  continuance.  Strains  of  the  ftmgus  from  single 
ascospores  have  sooner  or  later  always  given  rise  to  both  asdgerous  and 
conidial  forms.  However,  some  conidial  strains  have  been  obtained  from 
the  host  which,  after  two  years  in  culture,  still  produce  only  the  conidial 
form.  It  would  thus  appear  that  there  are  conidial  strains  of  the  fungus 
which  have  lost  the  power  of  developing  the  perfect  stage  or  which  at 
least  have  not  met  with  the  proper  iodting  conditions. 

MORPHOU>GY  AND  TaXONOMY 

The  perfect  stage  has  been  noted  less  frequently  than  the  conidial  stage, 
but  nevertheless  the  perithecia  have  been  occasionally  foimd  on  both 
leaves  and  nuts.  The  first  evidence  of  perithecial  formation  is  seen  in  a 
plexus  of  pseudoparenchyma  tissue  made  up  of  more  or  less  isodiametric 
fungous  cells  developed  in  the  decaying  tissues  beneath  the  epidermis. 
This  finally  develops  into  the  mature  perithedum  which  ruptures  the 
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Pio.  6.~Tlie  anthracnose  fungus  upon  corn-meal  agar.    A ,  Acervultts. 
X84;  Bt  oooidia.  X400;  C,  ascus.  X4oo- 


epidermis  and  becomes  partially  superficial.  The  matrn^  fruiting  body 
is  nearly  spherical,  but  is  papillate  and  occasionally  short  beaked.  From 
several  hundred  measurements  it  has  been  found  to  vary  from  80  to 
250/1  in  the  longest  diameter,  with  the  majority  lying  between  150  and 

200/1.  The  peritheda 
Q  are  black  and  carbo- 
^  naceous,  and  in  cul- 
ture several  are  usu- 
ally developed  within 
a  single  carbonaceous 
stroma. 

The  8-spored  asd 
vary  considerably  in 
size  and  shape,  but  are 
usually  cylindrical- 
clavate.  (Fig.  6.)  The 
extreme  measure- 
ments found  were  45  to  80  by  9  to  1 2.5/1,  the  majority  lying  within  the 
limits  of  55  to  80  by  10  to  i  i/e. 

The  ascospores  are  unicellular  (rarely  with  a  cross  partition),  oblong, 
slightly  tapering  toward  both  ends,  and  usually  curved.  (Fig.  6.)  The 
extreme  measurements  found  were  12.5  to 
29  by  3.5  to  6/£,  the  majority  lying  about 
midway  between  the  two  extremes  as  shown 
in  the  accompan)dng  graph  (fig.  7)  drawn 
from  measurements  of  150  spores  of  a  single 
strain  taken  at  random  and  all  developed 
in  com-meal-agar  culture.  Measurements  of 
other  strains  both  from  culture  and  from  the 
host  have  come  within  these  limits. 

The  acervuli  have  been  of  much  more  com- 
mon occurrence  on  the  host.  (Fig.  6.)  In 
their  early  stages  they  are  scarcely  to  be  dis- 
tinguished from  the  perithecia,  but  the  pro- 
duction of  the  characteristic  pink  spore 
masses  soon  differentiates  them  even  macro- 
scopically  from  the  perfect  stage.  The 
production  of  setae  has  been  found  of  fre- 
quent though  by  no  means  of  general  occur- 
rence, and  to  vary  even  within  a  single  strain. 

The  conidia  are  ovate  to  oblong,  with  blunt,  rounded  ends  (fig.  6) 
(occasionally  somewhat  dumbbell-shaped).  Both  on  the  host  and  in 
culture  they  have  been  found  to  develop  hyphomycetously,  as  well  as 
in  acervuli.    The  measurements  taken  from  several  strains  on  the  host 
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Pzo.  y.^Diagram  showing  asoospore 
measurements  cf  the  anthracnose 
fungus,  il.  Length  cf  150 
pores;  B»  width  of  150  ascospores. 
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and  in  culture  ranged  within  the  limits  of  11  to  22  by  3.8  to  7.6/£.  The 
accompan3n[ng  graph  (fig.  8)  shows  the  measurements  of  150  conidia  taken 
from  the  same  strain  and  under  the  same  conditions  as  those  noted  above 
for  the  ascospores.  The  conidia  have  frequently  been  found  to  develop 
appressoria  as  described  by  various  authors  for  the  apple  bitter-rot 
fungus. 

From  the  general  pathology  and  temperature  relations,  the  cross- 
inoculation  and  cultural  studies,  and  finally  from  the  morphology  of  the 
pecan  fungus  there  can  be  no  doubt  of  its  specific  connection  with  Glo- 
merella  cingulaia  (Stonem.)  S.  and  v.  S.,the  fungus  causing  bitter-rot  of 
apple,  ripe-rot  of  grape,  and  anthracnoses  of  a 
wide  range  of  hosts. 

In  several  instances  Glomerella  peritheda 
have  developed  upon  pecan  leaves  scattered 
among  the  densely  gregarious  pycnidia  of  a  fun- 
gus which  has  since  proved  to  be  Phyllosiicia 
convexiUa  Bubdk.^  The  spores  of  the  latter  are 
almost  badUar  in  size,  measuring  1.5  to  2  by 
i/i,  while  in  many  cases  only  a  few  pycnidia  upon 
a  leaf  matured  in  damp  chamber,  so  that  mor- 
phologically most  of  these  fruiting  bodies  were 
similar  to  the  immature  peritheda  of  Glomerella. 

Furthermore,  an  examination  of  the  fruiting 
bodies  from  type  spedmens  of  Sphaerella  con- 
vexula  (Schwein.)  von  Thiim.^  (Sphaeria  cortn 
vexula  Schwein.')  shows  them  to  be  morpho- 
logically similar  to  those  of  Phyllosiicia  convex- 
ula.  The  original  brief  diagnosis  of  Sphaerella 
convexula  was  from  immature  material  and 
without  description  of  asd  or  ascospores.  Sim- 
ilar material  has  been  collected  by  the  writer 
at  various  points  in  South  Carolina,  Georgia, 
and  Florida,  induding  one  of  the  type  localities 
of  the  spedes. 

Glomerella  peritheda  have  been  devdoped  in  a  damp  chamber,  not 
only  upon  disinfected  pecan  leaves  exhibiting  the  typical  anthracnose 
blotches  and  among  the  pycnidia  of  Phyllosiicia  convexula,  but  also  fre- 
quently upon  leaves  apparently  healthy  in  every  respect,  showing  the 
wide  distribution  of  the  former  fungus  and  its  abiUty  to  hibernate  on 
the  living  host  until  the  occurrence  of  conditions  favorable  to  its  further 
growth. 
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Fio.  8.— Diaffram  showing  conidia] 
meastircmeiits  of  the  anthracnose 
fundus.  A,  Length  of  150  con- 
idia.    B.  width  of  X50  conidia. 


*  BubAl^  Fnmz,  Binige  neue  Piize  aus  Nord  America.    Jour.  Mycol. ,  v.  za.  no.  8a,  p.  5a.  53 .  1906. 
'  Saccardo.  P.  A.    Sylloge  Punconim.    v.  z.  Patavium.  z88a,  p.  494. 

*  Scfawetnitz.  L.  D.  von.    Synopsis  fungomm  in  America  boreali  media  degentium.    Trana.  Amer.  Phil. 
80c  n.  8.,  V.  4.  p.  aa4.  z8t34. 

Berkeley.  H.  J.    Notices  of  North  American  fungi.    GreviUea.  v.  4.  no.  zx^  p.  Z54.  Z876.' 


Digitized  by 


Google 


330  Journal  of  Agricultural  Research  vol  i.  Na  4 

Prom  these  facts  it  seems  entirely  possible,  if  not  indeed  probable,  that 
the  type  fungus  of  Schweinitz  and  Von  Thtimen  was  in  reality  identi- 
cal with  Phyllosticta  convexula  Bubdk  and  that  the  immature  peritheda 
were  those  of  the  fungus  at  present  known  as  GtotnereUa  cingukUa, 

KERNEL-SPOT 

[Caused  by  Coniolhyrium  coryogenum,  n.  8p.) 
HISTORY   AND  DISTRIBUTION 

Fortunately  this  disease  has  hitherto  been  of  only  occasional  occurrence. 
In  the  fall  of  1907  infected  kernels  were  received  by  Mr.  W.  A.  Orton, 
Pathologist  in  Charge,  Cotton  and  Truck  Disease  and  Sugar-Plant  Inves- 
tigations, Bureau  of  Plant  Industry,  from  Minden,  La.,  accompanied  by 
the  following  statement: 

The  disease  of  the  pecans  is  not  confined  to  any  one  txee  or  variety.  *  *  *  For 
six  years  they  have  contained  the  blight,  growing  worse  each  year,  until  I  think  that 
next  year  there  will  not  be  a  single  good  one  (nut)  fotmd  among  them.  *  *  *  I 
have  never  heard  of  this  disease  horn  anyone  else.    All  our  trees  are  infected. 

From  these  specimens  Orton  isolated  a  fungus  with  brown,  septate, 
branched  myceUum.  No  further  studies  were  carried  out  to  determine 
its  parasitism  or  further  cultural  characters,^  but  examination  of  these 
specimens  has  shown  them  to  have  the  symptoms  associated  with  the 
kernel-spot. 

No  other  definite  reports  of  the  kernel-spot  prior  to  1910  have  come 
to  notice,  but  during  the  last  three  years  occasional  specimens  from  a 
number  of  Southern  States  have  been  received  by  the  Office  of  Fruit- 
Disease  Investigations.  Among  these  commtmications  the  only  report 
of  serious  injury  was  from  a  point  in  southern  Georgia,  where  in  the  fall 
of  191 1  most  of  the  nuts  on  a  large  seedling  tree  were  rendered  unfit  for 
consumption.  From  this  source  were  obtained  the  fungous  cultures 
used  in  the  present  inoculation  work.  Since  there  were  no  nuts  on  this 
tree  the  following  year,  field  studies  as  to  time  and  manner  of  infection 
could  not  be  carried  further.^ 

SYMPTOMS  OP  THE   DISEASE 

Externally  there  is  no  evidence  of  infection  and  it  is  only  upon  freeing 
the  kernel  from  the  shell  that  the  diseased  condition  becomes  apparent 
(PI.  XXXVII,  fig.  E.)  On  the  surface  of  the  kernel  the  spots  are  dark 
brown  to  almost  black  and  often  slightly  sunken.  They  are  in  general 
irregularly  roundish  with  a  fairly  definite  margin  and  several  millimeters 
in  diameter.     Internally  the  diseased  tissue  extends  in  an  approximate 

1  Ortoo.  W.  A.    Prom  unpublished  notes. 

*  If  a  tree  is  badly  infected,  the  nuts  should  be  gathered  and  burned,  in  order  to  lessen  the  dunces  d 
further  8i>read  cf  the  disease. 
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hemisphere  beneath  the  dark-colored  spot.  The  central  part  of  this 
hemisphere  is  dry  and  pithy,  slightly  discolored,  and  surrounded  by  a 
definite  dark-brown  layer  separating  the  diseased  from  the  healthy  parts. 
The  tissues  are  slightly  disorganized,  but  are  not  softened  or  entirely 
broken  down.  A  bitter  taste  is  imparted  to  the  kernel.  Microscopically, 
the  fungus  is  found  to  enter  the  cells  of  the  kernel,  where  the  hyphae 
become  partially  broken  up  into  their  constituent  cells.  Outside  the 
dark-colored  boundary  layer  the  tissues  of.  the  kernel  are  seen  to  be 
slightly  discolored,  although  no  signs  of  the  fungus  itself  are  seen  here. 
It  seems  probable  that  enzyms  or  toxins  (or  both)  excreted  by  the  fungus 
may  diffuse  out  into  the  healthy  cells  of  the  host  and  by  partial  digestion 
prepare  the  way  for  the  entrance  and  progress  of  the  parasite. 

MYCOUXSICAL   AND  PATHOI<OGICAI.  STUDIES 

Isolation  op  thb  Fungus 

The  affected  pecan  kernels  received  in  the  fall  of  191 1  from  Thomas- 
ville,  Ga.,  were  washed  for  five  minutes  in  a  solution  of  bichlorid  of  mer- 
cury (i :  500),  and  in  distilled  water.  Small  pieces  of  the  diseased  internal 
tissue  were  then  cut  out  under  sterile  conditions  and  transferred  to 
Petri  dishes  of  melted  beef  agar.  Yellowish  bacterial  colonies  resulted 
from  two  of  the  transfers,  but  a  constant  fungous  type  developed  from 
all  the  others.  The  bacteria  and  the  fungus  were  isolated  and  carried 
in  pure  culture  for  the  following  cultural  and  inoculation  studies. 
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Inoculations 

In  all  the  inoculations  the  kernels  were  freed  from  the  shells  under 
semisterile  conditions  and  placed  upon  sterile,  moist  filter  paper  in 
Petri  dishes.  Under  these  conditions  the  pycnospores  or  mycelium  from 
a  pure  culture  were  placed  upon  the  kernels  either  with  or  without 
slight  abrasion  of  the  surface.  The  checks  were  treated  in  a  similar 
manner  but  without  inoculation. 

ExPBRiMBNT  No.  I  (Jan.  15,  1912). — ^The  kernels  from  several  stratified  ntits  were 
placed  in  Petri  dishes  and  inoculated  by  slight  abrasion  (i)  with  spores  of  the  fungus 
(strain  99),  and  (2)  with  the  yellow  bacteria  (strain  loi),  while  the  kernels  in  the 
third  didi  (3)  were  merely  abmded  with  a  sterile  scalpel.  After  eight  days  tjrpical 
sjrmptoms  of  the  kernel-spot  had  developed  in  the  first  culture.  (PI.  XXXVII, 
fig.  D.)  The  bacteria  in  the  second  culture  had  made  a  slight  growth,  causing  an 
irregular  softening  of  the  superficial  tissues,  but  without  discoloration  or  other  resem- 
blance to  the  kernel-spot.    The  check  cultures  were  entirely  sound. 

ExPBRTMBNT  No.  2  (Jan.  25,  1912). — Kernels  of  well-cured  Stuart  pecans  were  inoc- 
ulated with  the  fungous  spores,  six  kernels  upon  the  uncut  stuface,  and  eight  with 
a  slight  abrasion.  Four  kernels  were  held  as  checks.  After  12  days  typical  spots 
had  formed  upon  half  of  the  first  set  and  on  all  of  the  second  set  of  kernels.  Of  the 
checks,  two  kernels  were  perfectly  sound,  the  third  exhibited  a  slight  bacterial  soften- 
ing at  one  end,  and  the  last  was  softened  throughout  by  a  growth  of  PenicilUum 
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glaucum.    In  the  last  two  cases  the  injury  was  similar  in  no  particular  to  the 
kernel-spot. 

ExPBRiMBNT  No.  3  (May  13,  1912). — ^Three  Petri  dishes  containing  four  to  d^t 
kernels  from  cured  pecans  were  inoctilated  by  placing  macerated  pycnidia  upon  the 
uninjured  surfaces.  A  fourth  Petri  dish  was  held  as  a  check.  After  seven  days  it 
was  noted  that  infection  had  taken  place  at  every  point  of  inoctilation  in  the  first 
two  cultures.  In  the  third,  two  kernels  had  become  infected  with  the  kernel-spot, 
but  the  remaining  two  were  entirely  softened  by  bacterial  contamination.  In  the 
check  Petri  dish  two  kernels  were  sound  and  two  were  contaminated  and  softened 
throughout  by  BoiryHs  cinerea,  in  no  case  was  the  injury  by  contamination  similar 
to  the  disease  under  investigation. 

ExPBRDiBNT  No.  4  (Nov.  ao,  1912). — ^Ten  kernels  of  newly  harvested  pecans  were 
inoculated  with  macerated  pycnidia  and  without  abrasion  of  the  surface  skin.  A 
similar  nuumber  of  kernels  were  held  as  checks.  After  nine  days,  8  out  of  the  10  inocu- 
lated kernels  had  developed  the  disease.  The  checks  were  sound,  except  for  two  or 
three  kernels  which  had  softened  and  yellowed  throughout  from  bacterial  contami- 
nation. 

ExPBRiMBNT  No.  5  (Dec.  25,  X913). — Eight  to  ten  partially  cured  kernels  of  each  of 
the  following  varieties  were  inoculated  with  macerated  pycnidia  by  a  slight  abrasion 
of  the  surface:  Schley,  Curtis,  Nelson,  Teche,  Alley,  Pabst,  and  Van  Deman.  Check 
kernels  of  each  variety  were  carried  throughout  the  experiment.  Similarly,  Teche 
and  Van  Deman  kernels  were  inoculated  with  the  two  strains  of  yellow  bacteria 
(strains  100  and  104) .  After  five  days  the  bacterial  inoculations  had  caused  a  softening 
of  the  tissues  throughout,  but  there  were  no  evidences  of  the  kernel  spot.  The  fun- 
gous inoculations  had  in  nearly  every  case  taken,  and  spots  typical  of  the  disease  both 
externally  and  internally  had  developed,  regardless  of  variety.  The  checks  were 
sound,  except  for  an  occasional  contamination  with  Botrytis  cinerea,  which  had  caused 
a  general  softening  of  the  tissue.  Reisolations  of  the  fungus  were  made  hom  each  of 
the  varieties  inoculated,  and  one  of  these  strains  was  used  in  the  next  experiment. 

ExpBRDCBNT  No.  6  (Jan.  6, 1913). — ^Three  Petri  dishes  of  partially  cured  Van  Deman 
kernels  were  inoculated  upon  the  slightly  abraded  surface  with  macerated  pycnidia 
of  the  fungus  reisolated  from  artificial  inoculation  in  experiment  No.  6.  Three  dishes 
of  kernels  were  similarly  inoculated  with  a  Sphaeropsis  obtained  from  old  decaying 
pecan  hulls,  while  two  were  held  as  checks.  Observations  after  five  days  showed 
infection  with  typical  symptoms  in  every  case  of  inoculation  with  the  kernel-spot 
fungus.  The  Sphaeropsis  had  caused  a  general  breakdown  and  softening  of  the  tissues, 
with  slight  discoloration,  but  with  no  symptoms  like  the  disease  in  question.  The 
checks  all  remained  sotmd  and  free  from  infection  of  any  kind. 

No  opportunity  for  field  inoctilations  has  presented  itself  without  the 
accompan3dng  danger  of  introducing  or  spreading  the  disease,  and  hence 
the  infection  tests  have  been  entirely  confined  to  the  laboratory.  How- 
ever, the  characters  of  the  disease  are  so  definite  and  the  results  of  the 
inoculation  work  on  kernels  in  the  laboratory  have  been  so  largely  positive 
that  the  f  imgus  tested  (strain  99  and  its  reisolation)  may  now  be  legiti- 
mately regarded  as  the  cause  of  the  kernel-spot.  The  general  disorgani- 
zation and  moist  softening  of  the  tissues  brought  about  by  the  bacteria 
and  by  the  Sphaeropsis,  Botrytis,  and  Penidllitun  fungi  was  entirely 
different  in  appearance  and  result  from  the  disease  under  investigation. 
Individual  infections  of  the  latter  occur  within  limited  and  well-defined 
boundaries  and,  though  giving  a  pithy  consistency  to  the  diseased  parts, 
never  cause  a  moist  softening  of  the  injured  tissue. 
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Cultural  Studies 

As  grown  upon  corn-meal  agar  the  optimum  temperature  for  the  fungus 
was  found  to  lie  around  20®  C.  (68°  F.).  No  growth  took  place  below  2° 
or  above  37®.  The  rate  was  slow  at  4°,  but  gradually  increased  up  to 
the  optimum,  and  decreased  somewhat  more  rapidly  in  rate  above  that 
point.  At  35°  a  slight  but  abnormal  growth  occurred  for  a  few  dajrs, 
but  at  the  end  of  the  3- weeks'  test,  incubation  at  the  optimum  tem- 
perature failed  to  show  any  further  signs  of  life  in  these  cultures. 

Upon  corn-meal  agar  the  submerged  growth  varies  but  little  from  a 
sepia  brown,  while  the  aerial  mycelium  shows  gradations  from  that  to 
whitish.  Usually  a  large  number  of  dark-sepia  to  almost  black  pycnidia 
are  formed  upon  this  medium.  .  The  mycelium  is  straight  and  but  little 
branched,  with  gradations  from  brown  to  almost  hyaline. 

On  corn-meal  flasks  the  colonies  appear  very  much  as  upon  the  com- 
meal  agar,  though  the  aerial  mycelium  is  usually  much  more  luxuriant 
and  cottony,  becoming,  however,  somewhat  felted  with  age.  Pycnidia 
ar^  developed  in  large  numbers. 

On  cooked-potato  cylinders  the  colonies  are  brown  ocher,  varying  also 
to  a  slightly  darker  shade.  The  surface  is  smooth  and  glistening,  be- 
coming somewhat  wrinkled  with  age.  No  aerial  mycelium  or  pycnidia 
have  been  observed  on  this  medium.  The  cells  of  the  hyphse  differ  from 
those  grown  upon  cora-meal  agar  in  being  more  nearly  isodiametric,  with 
thicker  and  somewhat  bulging  walls.  The  mycelium  possesses  but  few 
side  branches,  and  the  color  varies  from  pale  brown  to  almost  hyaline. 
In  cultures  several  weeks  old  the  whole  potato  cylinder  becomes  some- 
what softened  and  turns  brown,  but  no  f tmgous  mycelium  is  found  except 
near  the  surface.  The  starchy  contents  of  the  potato  cells  become  largely 
digested,  though  the  waUs  of  the  deeper  lying  cells  remain  intact  except 
for  the  breaking  down  of  the  middle  lamellae. 

Upon  synthetic  agar  the  growth  is  brown  ocher  to  sepia  in  the  older 
and  drier  parts.  The  surface  growth  often  becomes  more  or  less  wrinkled 
and  moist-mealy  in  appearance  in  older  cultures,  while  a  pale  brown 
to  whitish  aerial  mycelium  may  or  may  not  develop.  Microscopically 
the  hyphse  very  much  resemble  those  developed  upon  the  potato  cylin- 
ders, but  the  thickening  and  bulging  of  the  walls  is  often  much  more 
apparent.  Indeed,  the  h3rph8e  frequently  break  up  into  their  constituent 
cells,  and  it  is  this  behavior  that  gives  the  moist-mealy  appearance  to 
some  cultures. 

Morphology  and  Taxonomy 

The  study  of  this  fungus  in  culture  and  upon  the  host  has  shown  it  to 
conform  in  characters  with  the  genus  Coniothyrium.  However,  no  mem- 
ber of  this  genus  has  been  found  hitherto  reported  on  the  pecan  or  any 
nearly  related  host.  It  thus  becomes  necessary  to  give  the  fungus  a 
new  specific  value  until  cultural  and  cross-inoculation  work  can  establish 
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its  connection  with  a  previously  described  Coniothyrium  occurring  upon 
some  widely  differing  host.  An  Qpumemtion  of  the  characters  thus  far 
observed  is  given  below. 

It  should  be  stated  that  the  pycnidia  have  been  observed  mostly  in 
culture,  their  formation  on  the  host  having  been  confined  to  the  extracted 
kernels  in  a  damp  chamber.  In  the  latter  case  their  development  has 
has  taken  place  at  or  near  the  surface  of  the  kernel  and  often  accompanied 
by  a  thin  subicle  of  brown  to  whitish  hyphse. 
Coniothyrium  caryogenuniy  n.  sp. 

Upon  pecan  kernels  Coniothyrium  caryogenum  causes  dark-brown,  irregularly  round- 
ish surface  spots  with  a  hemisphere  of  pithy  tissue  beneath,  which  is  surrounded  by 
a  brownish  layer  of  host  cells. 

Mycelium  brown,  sometimes  almost  hyaline  where  not  submerged,  septate,  slightly 
branched,  straight  or  within  the  host  cells  often  separating  into  the  constituent  hyphal 
cells  which  are  then  more  or  less  swollen  and  thick  walled. 

Pycnidia  rotmdish,  osteolate,  thin  walled,  dark  brown,  about  200  to  350/1  in  diameter. 

Sporophores  short  and  indistinct.  Spores  pale  brownish,  elliptical,  i-celled,  a.5  to 
3.6  by  1.8  to  2/£. 

Habitat. — Kernels  of  Carya  illinoensis  (Wang.)  K.  Koch.  Type  specimens  from 
large  seedling  tree  belonging  to  Mr,  James  R.  Vann,  Thomasville,  Ga.  Specimens  also 
received  from  Raleigh,  N.  C;  Baconton,  Ga.;  Monticello,  Fla.;  Minden,  La.,  and 
other  points  in  the  pecan  belt,  including  Texas. 

CROWN-GALL 

[Caused  by  Bacterium  tumtfacitns  Sm.  and  Town.) 

So  far  as  known,  the  crown-gall  has  not  hitherto  been  published  as 
occurring  on  the  pecan  from  natural  infection.  However,  in  the  fall 
of  1909  specimens  of  young  trees  affected  with  both  the  hard  and  s(rft 
types  of  galls  (PI.  XXXVI)  were  received  from  a  nursery  in  Mississippi 
with  the  statement  that  about  o.i  per  cent  of  the  stock  in  the  nursery 
was  infected.  The  disease  has  also  been  observed  by  the  writer  at  one 
point  in  northern  Florida.  But,  since  these  two  localities  have  fur- 
nished the  only  cases  reported,  it  may  be  considered  as  of  very  rare  occur- 
rence upon  this  host.^ 

On  the  pecan  the  tiunors  occur  not  only  at  the  collar  of  the  tree  but 
several  inches  higher  up  on  the  stem  and  also  on  the  roots.  The  greater 
prevalence  of  the  disease  near  the  surface  of  the  ground  is  explained  by 
the  fact  that  the  parasite  first  enters  the  host  tissues  through  wounds. 
Thus,  the  process  of  grafting  and  the  subsequent  treatment  of  the  stock 
readily  furnish  conditions  requisite  for  infection  and  further  develop- 
ment. The  typical  appearance  of  the  disease  may  be  inferred  from  the 
name;  the  galls  at  first  consist  of  a  succulent  growth  of  the  young  host 
cells  thrust  out  from  the  cambium  layer  in  the  form  of  a  tumor  which 
may  attain  a  considerable  size.     With  age  the  surface  becomes  much 

1  The  only  practical  method  of  control  hitherto  employed  consists  in  rigid  nursery  inspectioa.  Obviooslf  • 
no  trees  showing  the  disease  should  be  planted,  even  though  the  xxcan  does  not  appear  to  be  as  lerioasly 
afFected  as  many  other  plants. 
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roughened  and  darker  in  color  and  the  interior  tissues  are  then  more  or 
less  distorted  and  hardened.  Often  the  interior  assumes  a  distinctly 
woody  texture,  and  a  roughened  bark  develops  over  the  surface  to  form 
the  "hard-gall'*  t)rpe.  With  the  development  of  roots  from  the  tumor 
tissue  the  "hairy-root"  t)rpe  appears,  but  this  form  has  not  been  ob- 
served on  the  pecan. 

EXPERIMENTS  WITH  THE  CROWN-GAU,  ORGANISM 

Soft  galls  from  the  Mississippi  nursery  (December,  1909)  were  left  for 
five  mmutes  in  a  solution  of  corrosive  sublimate  (i  1500)  and  washed  in 
sterile  distilled  water.  Small  pieces  of  the  abnormal  tissue  were  then 
removed  under  aseptic  conditions  from  points  just  under  the  surface  and 
near  the  edge  of  the  galls,  and  beef ^agar  cultures  started  by  the  ordinary 
poured-plate  method.  In  from  three  to  eight  days  the  circular  and  sonje- 
what  opalescent  colonies  of  the  organism  appeared,  but  were  much  more 
abundant  in  cultures  started  from  the  extreme  base  of  the  young  soft  galls 
near  the  juncture  between  the  diseased  and  healthy  tissues.  Transfers 
were  made  to  beef-agar  slant  tubes,  and  with  one  of  the  strains  thus 
obtained  the  following  inoculation  tests  were  made. 

ExPEiOMBNT  No.  I  (December,  1910). — Six  table  beets  were  inoculated  by  needle 
ptinctures  from  young  heet-ag^r  cultures  of  the  bacteria,  while  a  like  ntunber  of  beets 
were  punctured  with  sterile  needles  and  held  as  checks. 

After  five  weeks,  examination  of  the  inoculated  beets  showed  the  development  of 
typical  galls,  3  to  10  mm.  in  diameter,  at  most  of  the  needle  puncttires,  while  the 
diecks  showed  no  signs  of  infection. 

ExFBitiMBNT  No.  2  (Jan.  12,  1911). — Four  potted  pecan  seedlings  were  inoculated 
by  scalpel  ptinctures  at  the  crown  from  4-day-old  beef-agar  cultures,  and  the  soil  was 
replaced  around  the  base  of  the  tree  to  preserve  the  moist  condition.  Fotu*  other 
seedlings  were  treated  in  the  same  manner,  except  that  no  bacteria  were  introduced. 
The  trees  were  all  dormant  at  this  time  and  remained  in  this  condition  tmtil  the 
latter  part  of  March,  when,  with  the  exception  of  one  of  the  inoculated  trees  which 
died  from  other  causes,  all  pushed  out  their  foliage  in  the  normal  manner. 

Examination  in  Jtme  showed  a  tumor  several  millimeters  in  diameter  at  the  crown 
of  one  of  the  inoculated  trees  and  an  apparently  incipient  infection  on  a  second.  All 
the  other  trees  had  completely  healed  over,  so  that  the  location  of  the  punctures 
could  scarcely  be  made  out.  On  September  12,  eight  months  after  inoculation, 
well-developed  galls  were  found  at  the  crown  of  two  out  of  the  three  remaining 
inoculated  trees.  The  check  trees,  together  with  59  other  pecan  seedlings  in  the 
same  greenhouse,  showed  no  indications  of  the  disease. 

Since  these  brief  studies  with  the  parasitic  organism  were  carried  out 
merely  to  indicate  the  connection  of  this  disease  of  the  pecan  with  the 
well-known  crown-gall,  no  further  inoculation  and  cultural  tests  were 
made.  However,  cultures  of  the  bacterium  were  submitted  to  Dr. 
Erwin  F.  Smith,  of  the  Bureau  of  Plant  Industry,  who  obtained  similar 
results  in  inoculation  experiments  and  further  verified  the  identity  of 
the  organism  with  Bacterium  Pumefadens  Sm.  and  Town.,  the  cause  of 
crown-gall  of  plants. 
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SUMMARY 

The  nursery-blight  is  a  serious  disease  of  young  trees,  but  is  rardy 
found  to  be  injurious  in  orchards.  Its  distribution  corresponds  closely 
with  that  of  the  host.  The  casual  fungus,  Phyllosticia  caryae  Veck^ 
attacks  only  the  leaves  of  the  pecan.  Infection  first  becomes  evident 
through  the  formation  of  tiny  circular,  dark-brown  spots,  which  increase 
gradually  in  size  and  finally  become  grayish  white  in  the  center  of  the 
upper  surface  and  usually  blackish  throughout  on  the  lower.  Entire 
defoliation  of  yoimg  trees  sometimes  takes  place.  Spra)ring  with  Bor- 
deaux mixture  has  proved  a  very  effective  method  of  control.  Since  the 
disease  is  primarily  a  nursery  trouble,  the  question  of  disease  resistance 
would  not  be  applicable  in  this  connection.  All  attempts  at  pure-culture 
inoculation  have  been  successful.  A  combination  of  high  humidity  and 
temperature  seem  best  to  favor  the  spread  of  the  disease.  The  fungous 
mycelium  ramifies  through  the  intercellular  spaces  above  the  lower 
epidermis  and  throughout  the  mesophyll  tissue.  Pycnidia  are  few  on 
the  living  leaves,  but  are  produced  in  abundance  on  some  culture  media. 

The  brown  leaf-spot  usually  causes  very  little  injury,  but  is  widely 
distributed  and  occasionally  during  wet  seasons  some  defoliation  may 
result.  The  fimgus  Cercospora  fusca,  emend,  sp.,  causes  dark  reddish 
brown  spots  of  tmif orm  color  on  both  leaf  surfaces.  These  are  at  first 
somewhat  angular  in  outline  as  bounded  by  the  veins  of  the  leaf,  but 
may  later  become  rotmdish  and  more  indefinite  in  their  margins.  There 
appears  to  be  little  difference  in  resistance  to  this  disease  among  the 
varieties  now  commonly  planted.  The  rather  limited  observations  upon 
the  effect  of  Bordeaux  mixture  were  favorable  to  the  control  of  the 
disease.  Pure-culture  inoculations  were  highly  successful,  giving  the 
t)rpical  disease  sjonptoms.  The  temperature  relations  were  very  sim- 
ilar to  those  of  the  nursery-blight.  The  mycelium  is  largely  inter- 
cellular in  its  growth,  but  aggregations  of  fungous  cells  break  through 
the  upper  epidermis  to  bear  the  pale  tawny  conidial  clusters,  and  a 
creeping  surface  mycelium  sometimes  occurs.  True  spore  formation 
has  not  taken  place  in  culture. 

The  pecan  anthracnose  is  well  distributed,  but  hitherto  has  not 
usually  been  very  serious  at  any  one  point.  It  has  been  shown  by  cul- 
tural and  cross-inoculation  work  to  be  due  to  Glomerella  cingtdata 
(Stonem.)  S.  and  v.  S.,  the  ftmgus  causing  bitter-rot  in  apples.  On  the 
leaves  infection  causes  the  formation  of  irregular  reddish  to  grajrish 
brown  blotches  varying  greatly  in  size  and  eventually  often  covering  the 
whole  leaf.  On  the  nuts  the  blotches  are  also  irr^^lar  in  outline,  but 
nearly  or  quite  black  and  often  slightly  sunken  below  the  surrounding 
healthy  tissue.  The  production  of  acervuli  and  perithecia  occurs  under 
suitable  conditions  of  temperature  and  htunidity.  The  problem  of  control 
is  largely  in  the  tentative  stage,  though  from  the  work  of  Scott  and  others 
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on  the  apple  bitter-rot  it  is  thought  that  Bordeaux  mixture  will  prove 
eflFective.  Some  indications  of  difference  in  varietal  resistance  have  been 
observed.  High  temperature  and  humidity  furnish  the  optimum  condi- 
tions for  growth  and  spread  of  the  disease,  as  is  the  case  with  the  bitter- 
rot  of  apple. 

The  kemd-spot  is  fortunately  rare,  but  on  this  account  the  present 
study  has  been  largely  confined  to  laboratory  and  greenhouse  work. 
The  fungus  Conioihyrium  caryogenum,  n.  sp.,  causes  the  development  of 
dark  brown  to  almost  black  surface  spots  upon  the  kernel.  Internally  the 
diseased  tissue  extends  in  an  approximate  hemisphere  beneath  the  dark- 
colored  spot  and  is  pithy  in  texture  and  bitter  to  the  taste.  Pure-culture 
inoculations  have  been  largely  successful.  The  optimum  temperature  for 
growth  was  found  to  be  about  70®  F.  The  mycelium  enters  the  cells  of 
the  kernel,  where  it  is  often  more  or  less  swollen  and  broken  up  into  its 
constituent  cells.  Pycnidia  have  been  produced  abundantly  in  culture, 
but  on  the  host  only  on  the  extracted  kernels  in  a  damp  chamber. 

Crown-gall  has  been  found  on  the  pecan  in  northern  Florida  and 
southern  Mississippi.  It  is  similar  in  appearance  to  the  well-known 
crown-gall  of  plants  and  has  been  shown  by  pure-culture  and  inoculation 
work  to  be  due  to  the  same  organism,  Bacterium  Pumefadens  Sm.  and 
Town. 
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DESCRIPTION  OF  PLATES 

Plats  XXXIII.  Fig.  i. — Pecan  nuts  infected  with  the  anthracnose  fungus  by  ^>ray- 
ing  with  a  distilled  water  suspension  of  conidia,  showing  the  op- 
pearance  nine  days  after  inoculation.  Natural  size.  Fig.  ^4.— 
Four  check  nuts,  two  punctured  with  sterile  needle  and  two 
unpunctured.  Fig.  B. — Four  nuts  inoculated  upon  the  unptmc- 
tured  surface  of  the  hull.  Fig.  C. — ^Four  nuts  inoculated  after 
puncturing  the  surface  of  the  hull  with  a  sterile  needle. 
Fig.  3. — ^Three  of  the  infected  nuts  shown  in  figure  i  after  further 
development  of  the  acervuli.     X  iK- 

XXXIV.  Yellow  Newtown  apples  infected  by  needle  puncture  with  conidia 
of  the  anthracnose  fungus  from  pecan  and  apple,  showing  appear- 
ance four  days  after  inoculation.  One-half  natural  size.  Fig. 
A . — Check  apples  punctured  by  sterile  needle.  Fig.  B. — ^Apples 
infected  by  needle  punctures  with  strain  1 50  from  the  apple.  Fig. 
C. — ^Apples  infected  with  strain  123  from  a  diseased  pecan  hull. 
Fig.  D. — ^Apples  infected  with  strain  125  from  a  diseased  pecan 
hull. 
XXXV.  Yellow  Newtown  apples  infected  by  needle  puncture  with  ccmidiaol 
the  anthracnose  fungus  from  pecan  and  apple,  showing  appearance 
foiu*  days  after  inoculation.  Two-thirds  natural  size.  Fig.  A. — 
Check  apple  pimctured  by  sterile  needle.  Fig.  B. — ^Apple 
infected  with  strain  135  from  the  pecan  nut.  Fig.  C — ^Apple 
infected  with  strain  123  from  the  pecan  nut.  Fig.  D. — Apple 
infected  with  strain  150  from  the  apple.  Fig.  E, — Apple  infected 
with  strain  146  from  the  pecan  leaf.  Fig.  F. — ^Apple  infected 
with  strain  158,  a  reisolation  of  strain  135  after  passage  through 
the  apple. 

XXXVI.  Crown-gall  (caused  by  Bacterium  iunufaciens  Sm.  and  Town.)  on 
pecan  nursery  trees  from  southern  Mississippi.  Natural  infectioQ. 
Two-thirds  nattual  size.  Fig.  i. — ^The  soft  tjrpe  of  gall.  Fig. 
2. — ^The  hard  type  of  gall. 

XXXVII  (colored).  Fig.  A,— A  pecan  leaflet  infected  with  the  brown  leaf- 
spot  fungus  (Cercospora  fusca,  emend,  sp.)  from  pi^e  culture. 
Fig.  B. — ^A  pecan  leaflet  infected  with  the  anthracnose  fungus 
(Glomerella  cingulata  (Stonem.)  S.  and  v.  S.)  from  pure  cul- 
ture. Fig.  C. — ^View  of  upper  surface  of  a  pecan  leaflet  recently 
infected  with  the  nursery-blight  fungus  {PhyllosHcta  caryae 
Peck)  from  pure  culture.  Fig.  D, — ^A  pecan  kernel  infected 
with  the  kernel-spot  fungus  {Coniothyrium  caryogenum,  n.  sp.) 
from  a  pure  cultttfe,  showing  the  appearance  eight  days  after 
inoculation.  Fig.  E, — A  pecan  kernel  with  the  kernel-spot  from 
natural  infection.  Fig.  F. — ^A  pecan  nut  infected  with  the  an- 
thracnose fungus  from  piu-e  culture.  Fig.  G. — ^The  nursery- 
blight  fungus  upon  sjmthetic  agar  after  two  weeks.  Fig.  H. — 
The  nursery-blight  fungus  on  com-meal  agar  after  two  weeks. 
Fig.  /. — Views  of  the  upper  and  lower  surfaces  of  pecan  leaflets, 
showing  an  advanced  stage  of  the  nursery-blight.  Natural  infec- 
tion. Fig.  /.—The  brown  leaf-spot  fungus  on  synthetic  agar 
after  four  weeks.  Fig.  K.—The  brown  leaf-spot  fungus  on  00m- 
meal  agar  after  four  weeks.    (All  £gures  are  natural  size.) 

(338) 


Digitized  by 


Google 


Some  Diseases  of  Pecans 


Plate  XXXIII 


Journal  of  Agricultural  Research 


Vol.  I.  No.  4 


Digitized  by 


Google 


Some  Diseases  of  Pecans  PLATE  XXXIV 


Journal  of  Agricultural  Research  Vol.  I,  No. 4 


Digitized  by 


Google 


Some  Diseases  of  Pecans  PLATE  XXXV 


Journal  of  Agricultural  Research  Vol.  I.  No.  4 


Digitized  by 


Google 


Some  Diseases 

of  Pecans 

Plate  XXXVI 

J 

k- 

A 

^^ 

5C 

>V-'f 

/  'f*    ^2b3 

^^:;^^vfK 

^@^4£5^^ 

> 

1'   h 

,    ;^r3M 

K^^^K'"''  ■    ■  ^"^^^ 

^X'  '^ 

■/y 

kf 

/;  /^ 

^-^ 

/ 

f 

A 

\ 

'M 

2 

^m^/  I^    ^(^ 

Journal  of  Agricultural  Research 


Vol.  I,  No.  4 


Digitized  by 


Google 


Some  Diseases  of  Pecans 


PlateXXXVII 


H 


K 


Journal  of  Agricultural  Research 


Vol    I,  No  4 


.tc^. 


Digitized  by 


Google 


A  TWIG  BLIGHT  OF  QUERCUS  PRINUS  AND  RELATE! 

SPECIES 

By  Dbixa  E.  Ingram, 
Scientific  Assistant,  Investigations  in  Forest  Pathology,  Bureau  of  Plant  Industry 

INTRODUCTION 

A  twig  blight  of  the  chestnut  oak  (Quercus  prinus  L.)  was  first  reporte 
to  the  Office  of  Investigations  in  Forest  Pathology  on  May  31,  1911,  b 
Drs.  Metcalf  and  Spaulding,  of  that  office.  Specimens  were  collecte 
and  sent  in  from  York,  Pa.  Since  that  time  the  disease  has  been  reporte 
and  diseased  specimens  have  been  received  from  various  points  througt 
out  'S^rginia,  West  Virginia,  Maryland,  Pennsylvania,  New  York,  an 
Connecticut.  It  is  not  possible  at  this  time  to  determine  definitel 
the  exact  range  of  the  blight,  as  sufficient  data  have  not  been  obtainec 
Nothing  is  known  regarding  the  origin,  age,  or  directions  of  distributio 
of  the  causal  fungus,  but  apparently  it  will  seriously  lower  the  silv 
cultural  status  of  the  chestnut  oak.* 

EFFECT  ON  HOST 

This  blight  is  primarily  a  disease  of  the  chestnut  oak,  but  occasional 
the  American  chestnut  (Cdstanea  derUata  (Marsh)  Borkh.)  and  the  whit 
oak  (Quercus  alba  L.)  are  attacked.  Inoculations  in  the  greenhous 
have  proved  that  a  number  of  other  species  of  oak  are  also  susceptible 

Trees  of  all  ages  and  sizes  may  be  attacked,  but  usually  only  tli 
small  branches  of  the  larger  trees  are  affected.  In  some  cases  whei 
young  saplings  are  attacked  the  whole  tree  is  killed  outright.  On  tb 
affected  twigs  the  leaves  wither  suddenly  without  yellowing,  graduall 
shrivel,  and  turn  a  chocolate  brown.  This  browning  of  the  leaves  an 
twigs  gives  the  tree  the  appearance  of  the  well-known  fire-blight  of  th 
pear  and  the  apple.  (PI.  XXXVIII.)  The  fungus  often  stops  at  tb 
point  where  the  secondary  shoots  join  the  main  stem,  and,  as  a  resul 
the  affected  twig  may  rot  at  the  base  and  fall  off.  On  the  diseased  twig 
are  numbers  of  small  black  pycnidia  erumpent  through  the  bark.  Thes 
are  sometimes  arranged  singly  and  sometimes  grouped.  Careful  section 
were  made  of  leaves  from  diseased  twigs  brought  in  from  the  field,  bt 
no  mycelium  could  be  found  in  the  tissues.  Cultures  were  also  madi 
but  nothing  developed.  A  microscopic  examination  of  a  transvers 
section  of  the  wood  reveals  the  presence  of  abundant  mycelimn  in  th 

1  Apparently  the  only  practical  method  of  cootrol  for  individual  trees  is  cutting  bade  the  young  twi 
several  inches  below  the  darkened  portion.  However,  under  forest  conditions  no  practicable  means 
control  is  known. 
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tracheary  tubes  and  throughout  the  cells  of  the  inner  and  outer  baik. 
A  study  of  the  distribution  of  the  mycelium  in  the  twigs  of  different  ages 
and  the  relative  amount  present  in  the  wood  and  cambium  of  the  dis- 
eased twigs  was  not  undertaken. 

MORPHOLOGY  OF  FUNGUS 

Soon  after  the  leaves  wither  on  the  affected  twigs,  small  papillae  begin 
to  form  under  the  bark,  which  in  the  cotuse  of  a  few  weeks  break  through 


Fxo.  i.—Diplodia  Umgispora:  A  section  of  a  pycnidinm. 

in  the  form  of  the  small,  black  pycnidia  mentioned  above.     These  are 

globose  to  subglobose  in  shape,  very  distinctly  ostiolate,  and  dark  brown 

to  black  in  color.     In  size  they  vary  from  95  to  i45/£  in  diameter.    In 

cross  section  (fig.  i)  the  wall  of  the  pycnidium  is  made  up  of  practicaDy 

two  parts:  The  outer,  dark  carbonlike  layer 

and   an   inner  membranous  layer  of   t3rpical 

fungous  cells.     These  cells  have  a  decidedly    ^ 

purplish  tinge,  merging  into   hyaline  as  the      ^ 

s  orogenous  layer  is  reached.  ^ 

The  spores  both  on  the  host  and  in  culture 
are  oval  or  ovoid  (fig.  2,  A),  often  tapering 

somewhat  at  one  end,  densely  granular,  often  Fw.a.—^«/*Htoto«^M*nr»:  start 
very  thick-walled,  averagmg  about  29  X  ii;£  phoma  stage;  b.  Dipiodia  stace: 
in  size.  At  first  the  spores  are  hyaline  and  ^'  iHpiodia  spore  with  two 
continuous,  but  after  some  time  (fig.  2,  B)  they 

take  on  a  yellowish  tinge  and  finally  become  dark  brown  in  color  and 
I -septate.  Rarely  the  septum  forms  in  the  hyaline  spores  before  the 
color  begins  to  change,  but  this  is  not  usually  the  case. 

The  spores  are  borne  singly  on  rather  short,  broad  conidiophores, 
interspersed  with  numerous  filiform  paraph3rses,  and  are  abjointed  from 
the  tip  at  maturity  by  a  constriction  near  the  end  of  the  conidio- 
phore.  The  conidiophores  may  become  long  and  filiform  in  artificial 
media.  The  liberation  of  the  spores  from  the  pycniditun  is  effected  in 
damp  weather  by  means  of  distinct  drrhi,  or  threads,  forced  out  through 
the  ostiole  of  the  pycnidium. 
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INOCULATIONS 

Inoculations  were  carried  on  in  the  greenhouse  on  Castanea  dentaia 
(liarsh)  Botkfa.  and  on  a  number  of  related  species  of  oak — Quercus 
prinus  L.,  Q.  minor  (Marsh)  Sarg.,  Q,  gambelii  Nutt.,  Q,  lobata  Nee., 
Q.  iexana  Buckl.,  Q.  virginiana  Mill.,  Q.  alba  L.,  and  Q,  rubra  L. 

At  the  time  of  the  first  inoculations  small  potted  trees  were  used,  and 
these  were  mostly  in  their  dormant  winter  condition. 

The  inoculations  were  made  by  sterilizing  the  bark  with  a  mercuric- 
dilorid  solution,  making  an  incision  through  the  bark  with  a  sterile 
scalpel,  and  carefully  inserting  a  portion  of  the  mycelium.  The  wound 
was  then  carefully  protected  by  a  small  portion  of  sterile  cotton.  Check 
plants  were  kept  of  all  inoculations  made. 

The  first  inoculations  were  made  on  chestnut  on  October  24,  191 1,  as 
no  diestnut  oak  was  then  available.  In  seven  da3rs  the  inoculated  twigs 
showed  a  darkened  area  in  both  directions  from  point  of  infection. 
After  one  month  the  twigs  were  entirely  dead  from  the  point  of  inocula- 
tion outward,  and  the  small  papillae  of  the  fungus  were  visible  just 
beneath  the  epidermis.    The  checks  healed  normally. 

A  pure  culture  of  the  fungus  was  obtained  from  a  portion  of  a  diseased 
twig  that  was  brought  into  the  laboratory.  From  this  culture  inocula- 
tions were  made  on  November  11,  191 1,  as  follows: 

Four  inoculations  on  Quercus  lobata,  two  by  means  of  an  incision  in 
the  bark  and  two  by  simply  binding  on  portions  of  myceliiun  in  agar 
with  sterile  cotton;  three  inoculations  on  twigs  of  Caslanea  deniaia;  and 
thiee  inoculations  on  leaves  of  Q.  prinus.  One  leaf  of  Q.  prinus  was 
inoculated  on  the  upper  surface  through  the  wounded  epidermis  and  one 
on  the  lower;  on  the  other,  the  mycelium  was  simply  spread  over  the 
nnwounded  surface. 

An  examination  after  one  week  showed  inoculated  twigs  of  Quercus 
khaia  blackened  for  about  half  an  inch  each  way  from  the  point  of  inocu- 
kition;  the  chestnut  was  slightly  darkened.  The  wounded  leaves  of 
Q,  prinus,  both  inoculations  and  checks,  were  somewhat  yellowed,  but 
these  subsequently  recovered;  the  unwounded  inoculated  leaf  was 
normal;  and  all  were  uninjured  by  the  fungus.  After  some  weeks  these 
leaves  were  brought  into  the  laboratory  and  careful  sections  made,  but 
no  trace  of  the  mycelium  could  be  found  in  the  tissues. 

In  all,  a  total  of  over  50  inoculations  were  made  in  the  greenhouse  to 
test  the  susceptibility  of  different  species  of  oak  and  to  find  the  time 
when  infection  most  readily  takes  place.  Of  these  inoculations  50  per 
cent  were  effective.  The  twigs  darkened  and  the  leaves  withered,  show- 
ing the  presence  of  the  fungus.  In  some  the  infection  did  not  extend 
more  than  a  few  indies  from  the  tip,  but  in  others  the  whole  twig  died. 
In  but  few  cases,  however,  did  the  fungus  make  its  way  into  and  up  the 
main  body  of  the  plant. 
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Quercus  gambelii  proved  to  be  the  most  susceptible  when  inoculated, 
and  Q.  lobata  the  second;  Q,  alba  and  Q,  rubra  were  slower  in  ^wing 
the  effects  of  the  fungus;  whik  Q.  virginiana  and  Q,  texana  were  not 
affected. 

In  a  number  of  cases  the  plant  was  in  a  dormant  condition  when 
inoculated  and  seemed  not  to  be  affected  by  the  fungus,  but  at  the 
leafing-out  season  no  leaves  were  formed  from  the  point  of  inoculation 
outward  to  the  end  of  the  branch  (PI.  XXXVIII),  while  the  other  part 
of  the  plant  put  out  leaves  and  grew  in  a  normal  manner.  After  inocu- 
lation the  twig  darkened  slightly,  but  no  further  external  development 
took  place.  No  pycnidia  were  formed  as  usual,  even  after  the  growing 
season  commenced. 

The  failure  of  part  of  the  inoculations  was  probably  due  to  the  time 
of  inoculation,  as  it  was  found  that  the  twigs  are  the  most  susceptible 
when  the  new  shoots  are  just  coming  out.  Practically  all  the  inocula- 
tions made  at  this  time  were  effective,  but  after  two  weeks  from  the 
time  of  leafing-out  the  susceptibility  lessened  greatly,  only  a  small 
percentage  made  from  that  time  on  having  any  effect. 

In  some  cases  after  the  dying  of  the  tip  the  branch  put  out  new  shoots 
below  and  apparently  overcame  the  injurious  effect  of  the  fungus. 
Inoculations  from  cultures  of  the  mature  stage  developed  somewhat 
slower  than  those  from  the  Macrophoma  stage. 

The  inoculations  of  Quercus  prinus  in  the  field  were  more  conclusive. 
Fifty  inoculations  were  made  on  May  8,  1912,  and  28  of  these  were 
effective.  Twenty-six  were  made  in  the  usual  manner  by  a  slight  inci- 
sion in  the  bark  and  the  inserting  of  a  portion  of  the  mycelium  into 
the  wound.  Fifteen  were  made  by  inoculating  with  spores.  Of  the 
latter,  10  were  made  by  placing  the  spores  in  the  incision  and  5  by 
puncturing  the  bark  with  a  needle  and  spraying  the  injtu^  part  with 
spores  suspended  in  corn-meal  infusion.  Four  inoculations  were  made 
by  binding  the  mycelium  on  the  surface  of  the  uninjtu^  twigs.  Five 
leaves  were  pricked  slightly  with  a  needle  and  sprayed  with  the  spores- 
one  on  both  upper  and  lower  surface,  two  on  the  upper  surface  only, 
and  three  on  the  lower  only.  Checks  of  both  leaves  and  twigs  were 
treated  in  the  same  manner.  The  leaves  all  healed  normally  and  were 
not  affected  by  the  fungus.  Three  of  the  twigs  that  were  sprayed  with 
spores  withered  and  died,  while  the  two  others  healed  normally.  Four 
of  the  twigs  inoculated  with  spores  by  a  slit  in  the  bark  withered  from 
the  point  of  infection  out  to  the  tip;  the  others  were  tminjured  by  the 
ftmgus  and  put  out  new  leaves  and  shoots.  Of  the  26  twigs  inoculated 
with  mycelium  on  wounds,  21  showed  the  effects  of  the  fungus,  most  of 
them  d)dng  completely  from  point  of  inoculation  outward;  those 
imwounded  showed  no  effects  whatever  but  grew  in  a  normal  manner. 
The  inoculations  were  made  partly  on  small  saplings  and  partly  on  the 
small  branches  of  larger  trees.    The  largest  sapling  which  died  corn- 
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pktely  was  about  8  feet  high  and  the  main  trunk  about  iK  inches  in 
diameter.  After  two  weeks  the  ends  of  the  twigs  withered  and  the  leaves 
dried  up.  The  twigs  showed  the  darkening  of  the  cambium  for  a  dis- 
tance of  6  inches  from  the  tip.  Sections  across  the  twig  also  showed 
pustules  of  the  fungus  just  beneath  the  bark.  After  three  months  the 
pycnidia  had  broken  completely  through  the  bark,  spores  of  both  t3rpes 
being  present  in  the  pycnidium.  On  June  i,  1912,  20  other  inocula- 
tions were  made  in  the  field  by  the  wounding  of  the  bark  aqd  inserting 
a  portion  of  mycelium.  Checks  were  treated  in  Hke  manner.  Of  these 
only  7  were  effective,  as  the  twigs  were  by  that  time  older  and  possibly 
more  resistant.  In  no  case  were  there  any  large  limbs  killed,  only  the 
small  branches  and  tips. 

CULTURE  WORK 

The  fungus  grows  well  in  culture,  but  does  not  fruit  readily,  and  then 
only  on  solid  media.  Fresh  twigs  of  Quercus  alba  and  Q.  prinus  were 
brought  in  from  the  field  and 
sterilized  by  wiping  with  mer- 
curic-chlorid  solution  and  rins- 
ing with  distilled  water.  The 
bark  was  then  pricked  in  several 
places,  and  portions  of  agar  con- 
taining mycelium  were  spread 
over  these  portions.  These 
were  then  put  in  test  tubes  with 
sufficient  moisture.  In  one 
week  discolored  areas  appeared 
on  the  twigs,  and  in  three 
weeks  the  small  black  pustules 
of  the  fungus  appeared.     On 

t>^^^^:^^4.z^^     4-U^^^    -^-.^,,^  J    4.^     Pro.  s,—Diptodia  lon^Pora:  Sdcrodal  bodies  formed  In 

exammation   these  proved  to  '^    ^Sdai  media, 

be  the  Macrophoma  stage. 

Tw^  of  the  same  species  were  also  used,  sterilizing  them  by  the  use 
of  the  autoclave.  The  growth  on  these  was  almost  entirely  superficial, 
the  mycelium  completely  covering  the  twigs  in  a  grayish  green,  felty 
mass.  Occasional  humps  or  tufts  of  mycelium  were  present  in  which  a 
few  pycnidia  containing  spores  of  the  Macrophoma  type  were  found.  After 
six  months  no  further  development  had  taken  place.  As  a  medium 
the  autoclaved  twigs  proved  to  be  much  inferior  to  the  unheated  twigs. 

Of  the  agars  com  meal  and  prune  gave  the  best  vegetative  growth 
and  were  used  to  the  exclusion  of  others  in  securing  pure  cultures  and  in 
germination  studies.  Portions  of  the  mycelium  were  transferred  to 
com-meal  flasks  or  other  solid  media  to  secure  the  formation  of  pycnidia. 

A  number  of  different  kinds  of  media  were  used:  Potato,  prune,  beef, 
and  com-meal  agars,  — 15;  potato  and  beef  agars,  + 15;  com-meal  and 
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prune  agars,  +ii,  Puller's  scale;  Raulin's  fluid,  malt,  and  string-bean 
agars;  and  cylinders  of  Irish  potato,  sweet  potato,  parsnip,  and  carrot, 
banana,  orange,  prune,  and  apple. 


Fio.  4.—Diplodia  hngispora:  A  aectiao  showing  grouping  of  pycnidia. 

The  Irish  potato  and  the  sweet  potato  gave  the  best  results  for  the 
vegetables.    The  fruits  gave  an  abundance  of  mycelial  growth,  but  few 

pycnidia.  In  several  media,  espe- 
cially apple,  peculiar  sderotial  bodies 
(fig.  3)  were  formed  in  abundance. 
An  extremely  acid  or  extremely  alka- 
line medium  was  not  as  satisfactory 
as  a  nearly  neutral  one,  and  starchy 
media  in  general  gave  the  best  re- 
sults. On  all  artificial  media  which 
produced  pycnidia,  a  dense  stroma 
was  produced  and  the  spores  were 
borne  in  locules  in  the  stroma.  This 
is  not  the  case  on  the  host,  where, 
while  the  pycnidia  are  usually 
grouped  (fig.  4),  a  typical  stroma  is 
never  present.  On  all  media  the 
colonies  are  at  first  hyaline,  later 
becoming  grajdsh  green,  and  finally 
almost  black. 


GERMINATION  STUDIES 


IB 


The  spores  germinate  readily  in 
distilled  water,  corn-meal  infusion, 
Raulin's  fluid,  and  corn-meal,  prune, 
or  potato  agar.  If  a  diseased  twig 
is  placed  in  a  damp  chamber  many 
spores  will  germinate  inside  the 
pycnidiimi.  When  placed  in  a  liquid  medium  without  being  subjected 
previously  to  a  moist  atmosphere,  the  time  varies  from  three  to  six  hours. 


Fio.  5.—Dii>lodial<mifitPora:  Types  of  germination. 
A ,  B,  Germ  tubes  from  end  of  spore;  C,  germ 
tube  from  side  of  qpore. 
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Usually  the  germ  tubes  are  sent  out  from  the  long  axis  of  the  spores 
(fig-  5>  A  and  B)  and  ocdasionally  from  the  sides  (fig.  5,  Q.  As  many  as 
six  tubes  have  been  observed  from  a  single  spore. 

At  first  the  tubes 
are  nonseptate,  but 
the  cross  walls  grad- 
ually begin  to  ap- 
pear in  from  two  to 
five  days  from  time 
of  germination.  The 
hyphae  show  a 
marked  tendency  to 
coalesce  (fig.  6),  and 
often  unite  to  form  meshes.  Soon  after  the  formation  of  septae  the 
mycelium  begins  to  darken,  taking  on  a  grayish  green  hue.  The  hyphae 
become  constricted,  and  peculiar  chlamydosporelike  bodies  are  formed 

(fig.  7)  intercalary  in  the  hyphae.  When 
a  nmnber  of  spores  are  sown  at  one 
time,  some  of  them  undergo  a  further 
development,  instead  of  germinating  as 
above  described.  The  spore  turxis  a  dark 
oUve  brown  in  color,  and  a  central,  transverse  septum  is  formed.  Occa- 
sionally two  septae  are  present  (fig.  2,  C),  but  this  is  not  typical. 


Fig.  t.^Diplodia  longispora:  A  portion  ol  myceBom  showing  the  coalrscing 
of  the  hyphae. 


Flo.  j.—Diptodia  Umvispora:  A  portion  of  my- 
cdtnm  with  dilamydosporelike  bodies. 


DETERMINATION  OF  THE  FUNGUS 

In  order  to  determine  definitely  whether  the  Macrophoma  and  Diplodia 
types  of  spores  were  really  stages  in  the  life  history  of  the  same  fungus, 
a  number  of  single  spores  of  each  were  planted  in  agar  plates,  and  carefully 
marked  colonies  of  each  from  single  spores  were  then  transferred  to  corn- 
meal  flasks.  Bach  first  produced  the  Macrophoma  stage  and  later  the 
Diplodia  stage.  Numbers  of  diseased  twigs  were  brought  in  from  the 
field  and  carefully  examined  the  following  winter  after  being  attacked,  in 
the  hope  of  finding  a  perfect  stage,  but  without  success.  According  to 
Saccardo,  this  fungus  should  be  called  a  Botryodiplodia,  as  the  pycnidia 
are  usually  grouped.  However,  since  the  characters  which  separate  it 
from  the  genus  Diplodia  may  be  produced  -artificially  on  culture  media 
and  vary  with  the  amount  of  moisture  present,  it  seems  advisable  to 
place  it  in  the  latter  genus. 

A  number  of  species  of  Diplodia  have  been  described  on  Quercus, 
mostly  from  European  countries.  All  of  them  are  described  either  from 
the  immature  stage,  or  insufficient  morphological  characters  are  given  for 
a  positive  identification,  the  spore  measurements  in  several  being  absent. 
Only  one  species  has  been  found  described  from  America — Diplodia 
longispora  C.  and  Ell.  on  Quercus  coccinea  from  New  Jersey.     It  is  the 
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only  species  which  is  described  with  mature  Spores  and  in  which  the 
spore  measurements  are  given.  The  morphological  characters  given 
agree  very  well,  but,  according  to  the  measurements  given,  the  spores 
are  tmiformly  longer  and  narrower,  being  30  to  35  by  jfi  in  comparison 
with  23  to  32  by  8  to  1211  of  the  species  under  discussion. 

However,  since  there  is  much  variation  in  this  genus  and  since  the 
perfect  form  of  this  fungus  may  eventually  be  found,  the  species  herein 
described  is  referred  to  Diplodia  longispora  C.  and  Ell.  While,  as  men- 
tioned above,  the  spore  measurements  do  not  exactly  agree,  the  variation 
being  considered  by  some  sufficient  to  warrant  a  new  species,  it  was  not 
thought  desirable  to  add  another  species  to  the  already  cimibersome 
and  much  confused  nomenclature  of  this  genus.  None  of  the  species 
described  are  recorded  as  causing  any  disease  of  the  host. 

SUMMARY 

A  fungus  which  is  referred  to  Diplodia  longispora  C.  and  Ell.  is  the 
cause  of  a  destructive  twig  disease  of  Quercus  prinus,  also  of  several  other 
species  of  Quercus  and  of  Castanea  deniata. 

Large  trees  are  not  killed  outright,  but  they  may  eventually  die  as  a 
result  of  the  weakened  condition  caused  by  losing  the  young  branches, 
and  particularly  the  cumulative  effect  of  the  attacks  of  several  years. 
Saplings  are  often  killed  outright. 

Infection  takes  place  through  wounds  in  the  bark  and  will  not  take 
place  through  an  unbroken  surface.  The  fungus  does  not  extend  into 
the  leaves,  as  no  mycelium  is  present  in  the  leaf  tissues. 

DESCRIPTION  OF  PLATE 

[XXVIII.  An  oak  (Quercus  gambeUi)  inoculated  with  Diplodia  longispora 
at  X  when  dormant.  No  leaves  developed  above  the  point 
of  inoculation. 
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l^EW  POTATO  WEEVILS  FROM  ANDEAN  SOUTH  AMERICA 

By  W.  DWIGHT  PiBRce, 
Agent  and  Expert,  Investigations  of  Insects  Affecting  Southern  Field  Crops,  Bureau  of 

Entomology 

During  the  year  191 3  a  number  of  shipments  of  South  American  pota- 
toes for  experimental  propagation  by  the  Department  of  Agriculture 
have  been  intercepted  by  Messrs.  E.  R.  Sasscer  and  H.  L.  Sanford, 
inspectors  of  the  Federal  Horticultural  Board,  because  of  more  or  less 
serious  infestations  by  weevils.  In  most  of  the  shipments  the  weevils 
were  alive.  Those  received  early  in  the  summer  were  partly  immature, 
while  in  later  shipments  they  were  all  mature.  When  the  material  was 
shipped  it  was  supposedly  free  of  insect  pests,  and  in  fact  it  is  quite 
possible  to  find  a  potato  apparently  whole  which  contains  £^  weevil 
within.  Mr.  C.  H.  T.  Townsend,  the  Entomologist  of  Peru,  writes  that 
the  work  of  the  weevils  is  often  undetected  until  the  potatoes  are  cooked 
and  served  on  the  table.  It  can  therefore  be  seen  how  readily  a  shipment 
of  South  American  potatoes  received  for  planting  purposes  might  be 
passed  by  quarantine  officers  and  perhaps  be  the  source  of  a  very  danger- 
ous pest  to  the  American  potato  industry. 

As  a  result  of  the  finding  of  weevils  in  many  shipments  of  potatoes, 
the  Federal  Horticultural  Board  has  taken  action  excluding  South 
American  potatoes  from  the  United  States.  This  article  has  therefore 
been  prepared  with  the  view  of  assisting  the  inspectors  in  their  work  and 
also  to  place  on  record  descriptions  of  the  weevils  in  question. 

The  three  species  of  weevils  so  far  found  are  very  different  in  appearance 
and  can  be  readily  identified  from  the  illustrations  published  herewith. 

A  notice  of  the  finding  of  a  species  of  weevil  known  as  Rhigopsidvus 
fucumanus  Heller  in  potatoes  shipped  by  Mr.  W.  F.  Wight  from  points 
in  Peru,  BoUvia,  and  Chile  has  been  published.^  Since  the  publication 
of  this  note  two  other  species,  each  representing  a  new  genus  and  a  new 
species,  have  been  discovered. 

The  second  species  found  in  shipments  of  potatoes  from  Peru  was 
obtained  alive  on  July  9,  191 3,  by  Mr.  Sasscer  in  a  potato  sent  by  Mr. 
Wight  from  the  mountain  districts  of  Peru.  The  adult  weevil  was 
found  just  under  the  skin  of  the  potato  in  a  small  cell  which  had  evi- 
dently served  as  a  feeding  cell  for  the  larva.  From  the  material  received 
it  is  judged  that  the  larva  does  not  bore  extensively  in  the  potato. 

>  Sasscer,  B.  R..  and  Pierce,  W.  Dwi^t.    Preliminary  report  d  the  finding  d  a  new  weevfl  enemy  of  the 
potato  tnber.    Proc.  Bnt.  Soc.  Wash.,  v.  15.  no.  3.  p.  143-144,  pL  4-5,  Oct.  a,  19x3. 
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This  weevil  (PI.  XLI,  figs,  i  and  2 ;  and  text  figs,  i  and  2)  forms  the  type 
of  a  new  genus  in  the  family  Brachyrhinidae,  subfamily  Entiminae,  tribe 
Ophryastini,  to  which  our  North  American  genera  Ophryastes,  Eupago- 
deres,  Amydrogmus,  and  Tosastes  belong.  In  Lacordaire's  group 
"  Leptopsides  vrais"  it  is  to  be  placed  near  Bastactes  and  Catasarcus,  from 
both  of  which  it  differs  by  many  characters.  The 
descriptions  which  follow  will  serve  to  identify  it. 

Prsmhotrtpbs,  new  genus. 

Name  derived  from  xpifomf  (foot)  and  xpux6at  (to  bote), 
meaning  a  root  borer.    Type  of  genus. — P.  solani,  n.  sp. 

Upper  surfaces  roughly  sculptured  throughout  and  closely 
squamose.    Beak  longer  than  head,  enlarged  at  alse,  more 
or  less  distinctly  depressed  on  the  median  line  and  at  the 
^des;  scrobes  broadened  behind  and  then  flexed  downward 
far  from  eyes;    mandibles  beneath  not  acutely  toothed. 
Eyes  vertical,  elongate  oval,  pointed  beneath.    Antennae 
with  scape  davate,  not  greatly  overlapping  the  anterior 
edge  of  the  e3res;  ftmicle  7-jointed,  with  first  two  joints 
elongate,  the  others  shorter  but  not  transverse;  club  elongate 
oval.    Prothorax   very   tuberculate    above    and    at  sides; 
Tfvi-^''-P^*^i»otryptssoiam    anterior  lobes  without  vibrissae,  almost  completely  cover- 
^tTora^TbJ^*^  "*    i^g  ^^  «/^'  ^"^  truncate,  apex  convex.    Elytra  with 
humeri  rounded;  striation  irregular,  with  alternate  inter- 
vals multituberculate.    Body  wingless.    Thorax  beneath  with  all  parts  short;  meso- 
thoracic  side  pieces  tmequal;  metepimera  broad.    Intercoxal  process  broad;  first  trvo 
abdominal  segments  occupying  over  half  the  abdomen;  first  suture  arcuate;  second 
segment  at  least  as  long  as  the  two  following;  fifth  s^ment  as  long  as  the  two  preced- 
ing.    Femora  and  tibise  stout;  tibiae  mucronate;  tarsi  with  third  joint  bilobed  and  a 
little  wider  than  the  preceding  joints,  pubescent  beneath ;  claws  simple.    The  posterior 
tibiae  have  the  point  of  attachment  of  the  tarsi  terminal  and 
close  to  the  mucro.    The  apical  surface  is  divided  by  a  ridge 
into  two  unequal  disks,  the  inner  being  the  larger.    The 
ridge  passes  just  outside  of  the  corbel. 

Premnotrypes  solaniy  n.  sp. 

Length,  7  mm.;  breadth,  3.75  mm.    Color  brown,  with 
bronzy  scales. 

Beak  longer  than  head  and  narrower  than  eyes,  being  nar- 
rowest at  about  the  middle,  where  the  flare  of  the  scrobes 
begins  to  widen  it.    Alae  strongly  flared,  making  apical  por- 
tion of  scrobes  open  above.    Head  with  small  tubercles  _ 
above  the  eyes.    Median  line  sharply  defined,  deepened  at    Pio.  a.—Prtmnotrypes  »- 
frontal  fovea,  then  bifurcate  to  form  a  median  ridge.     The  fine       '**"  Pierce:  Frontal  view 
median  line  begins  again  on  this  ridge  and  extends  to  the  apex.          ^^' 
Beginning  even  with  the  front  edges  of  the  eyes  the  lateral  impressions  extend  half 
the  length  of  the  beak.    Apex  of  beak  shining  black,  raised  in  an  arcuate  band,  which 
causes  the  shining  semielliptical  nasal  plate  to  stand  obliquely.    Mandibles  shining 
black,  with  at  least  two  inner  teeth  and  with  a  long,  shining,  acute,  deciduous  piece 
with  sharp  inner  edges.    The  right-hand  deciduous  piece  has  a  tiny  tooth  on  the 
iimer  edge  before  the  middle.    Antennal  scrobes  strongly  flexed  downward;  scape 
clavate;  funicle  with  all  joints  longer  than  wide»  gradually  decreasing  in  size  towafd 
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apex;  club  elongate,  with  the  first  two  joints  occupying  over  half  the  bulk.  Head, 
beak,  and  scape  densely  dad  with  fine,  silky,  bronzed  scales;  funide  sparsely  pubes- 
cent; club  minutely  pubescent. 

Prothorax  basally  truncate,  apically  sintiate,  strongly  lobed  over  eyes,  lobes  with- 
out vibrissa;  coarsely  pimctured,  finely  squanx)se  with  yellowish  to  golden  metallic 
scales;  median  line  punctate,  strongly  impressed;  surface  with  six  basal,  two  discal, 
and  four  apical  tubercles;  widest  behind  middle  at  points  of  lateral  basal  tubercles. 

Elytra  at  base  no  wider  than  thorax;  humeri  rounded;  sides  rounded,  rough,  wider 
than  prothorax.  Scutelltun  minute,  triangtdar,  depressed.  Surface  densdy  minutely 
scaly;  strie  irregular,  with  small  definite  punctures;  entire  surface  rough,  but  the 
third,  fifth,  and  seventh  intervals  e^>edally  are  raised  by  a  series  of  small  tuberdes, 
which  give  the  strie  a  wavy  direction. 

Prostemum  strongly  arcuatdy  emarginate,  not  more  than  one-half  as  long  as  pro- 
notum.  Anterior  coxse  contiguous.  Mesostemum  taken  up  almost  entirely  by  the 
coxe,  which  are  narrowly  separated;  side  pieces  unequal.  Metastemum  also  short. 
Undersides  and  legs  densely  squamose. 

Type.— Cat.  No.  16689,  U.  S.  National  Museum. 

The  third  species  also  belongs  to  a  new  genus  quite  closely  related  to 
Premnotrypes  and  belonging  in  the  same  tribe.  Several  specimens  in  a 
more  or  less  perfect  condition  were  fotmd  by  Mr.  Sanford  in  cells  in 
potatoes  received  October  9, 191 3,  from  Cuzco,  Peru.  This  species  breeds 
in  a  manner  dosely  resembling  that  of  the  Premnotrypes  solani. 

This  species  (PL  XLI,  fig.  3;  text  fig.  3)  nmy  be  identified  from  the 
following  technical  descriptions. 

T&TPOPRBMNON,  new  genus. 

Name  derived  from  xfMcfuii  (to  bore)  and  xpkioMjv  (root),  signifying  a  root-borer.  The 
name  is  simply  "Premnotrypes"  reversed,  because  the  two  genera  belong  side  by  side. 
Type  of  genus. — T.  latithorax,  ntw  spedes. 

Upper  surfaces  roughly  sculptured  throughout  and  dosely 
squamose .    Beak  longer  than  head ,  enlarged  at  als,  not  impressed 
on  median  line  except  at  frontal  fovea  and  near  apex;  scrobes 
broadened  behind  and  abruptly  tnmcate;  mandibles  beneath 
sharply  toothed.    Eyes  vertical,  elongate  oval,  pointed  beneath. 
Antexmse  with  scape  clavate,  not  greatly  overlapping  the  anterior 
edge  of  the  e3res;  funicle  seven-jointed,  joints  i  and  2  elongate, 
the  others  progressively  shorter  and  the  last  three  transverse, 
moniliform;  club  elongate  oval.    Prothorax  very  roughly  molded; 
median  line  deeply  impressed;  anterior  lobes  without  vibrissa, 
almost  completely  covering  the  eyes;  base  truncate;  apex  sinuate. 
Elytra  with  humeri  rotmded;  striation  irregular,  with  alternate 
intervals  rough  and  raised.     Body  wingless.     Thorax  beneath 
vrith  all  parts  short;  mesothoradc  side  pieces  unequal;  mete-    Tig. 3.— Trypopremnon 
pimera  elongate,  moderatdy  broad.     Intercoxal  process  broad;       latitkoraxViafX'.  IM- 
first  two  abdominal  segments  occupying  over  half  the  abdomen;       *^  ^^  ^  thorax 
the  first  suture  arcuate;  the  second  segment  as  long  as  the 
two  following;  fifth  segment  as  long  as  the  second.    Femora  and  tibiae  stout;  tibise 
mucronate;  tarsi  pubescent  beneath,  with  third  joint  strongly  bilobed,  the  lobes 
much  wider  than  the  preceding  joints;  claws  simple.    The  posterior  tibise  have  the 
point  of  attachment  of  the  tarsi  terminal  and  close  to  the  mucro.    The  apical  surface 
is  divided  by  a  ridge  into  two  almost  equal  slanting  disks,  like  a  roof.    The  ridge  runs 
directly  to  the  middle  of  the  corbel. 
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TrTpopremnon  latithoraxy  n.  sp. 

Length,  6  mm. ;  greatest  breadth,  2.75  mm.  Beak  longer  than  head  and  nanower 
than  eyes  except  at  alse;  the  dorsal  squamose  portion  bemg  gradually  narrowed  from 
the  eyes  to  the  apex.  Alse  strongly  flared,  making  the  apiod  portion  of  the  scxobes 
open  above.  Head  very  slightly  tumid  above  the  eyes.  Median  line  distinct  only 
to  the  frontal  fovea,  which  is  deeply  depressed  and  very  faintly  indicated  beyond 
this  point.  The  lateral  depressions  on  the  beak  are  quite  faint.  Apex  of  beak  shin- 
ing reddish,  with  the  nasal  plate  polished,  ogival,  and  raised  at  apex.  Mandibles 
shining,  reddish;  deciduous  piece  long,  shining,  acute,  arcuate,  with  sharp  edges 
and  with  a  strong,  acute,  erect  ventral  tooth.  Antennal  aerobes  strongly  flexed  down- 
ward, very  mudi  broadened  and  evanescent  behind;  scape  clavate;  funide  with 
first  two  joints  elongate,  the  others  progressively  shorter  and  the  last  three  transverse, 
moniliform;  club  elongate  oval.  Head,  beak,  and  scape  densely  clad  with  fine, 
silky,  bronzed  scales;  fimide  sparsely  pubescent;  club  minutely  pubescent. 

Prothorax  basally  truncate,  apically  sinuate,  with  very  strong  supraocular  lobes, 
which  are  without  vibrissas;  coarsely  irregularly  ptmctiured,  finely  squamose  with 
golden  metallic  scales;  median  line  strongly  impresed;  surface  very  tmeven  with  two 
basal  and  two  discal  elevations  and  with  the  sides  very  irregular,  sinuate  or  bitumid; 
widest  at  posterior  lateral  tumidities. 

Hl3rtra  at  base  narrower  than  thorax;  humeri  rounded;  sides  feebly  convex.  Scutel- 
lum  triangular.  Surface  densely,  minutely  scaly;  strise  irregular,  with  strong  punc- 
tures, entire  surface  rough,  but  the  third,  fifth,  and  seventh  intervals  especially  are 
raised  by  a  series  of  tubercles,  which  give  the  strie  a  wavy  direction. 

Prostemum  strongly  arcuately  emarginate,  hardly  half  as  long  as  the  pronotum. 
Anterior  coxse  contiguous.  Mesostemtun  taken  up  almost  entirely  by  the  coxae, 
which  are  narrowly  separated;  side  pieces  tmequal.  Metastemum  also  short. ,  Under- 
sides and  legs  densely  squamose. 

Type.— Cat.  No.  16690,  U.  S.  National  Mxiseum. 

Differs  from  Premnotrypes  solani  in  the  sculpturing  of  the  beak,  the  shape  of  the 
scrobes  and  mandibles,  and  of  the  nasal  plate,  the  absence  of  distinct  tubercles  on 
the  head,  the  shape  and  sculpture  of  the  prothorax,  and  the  elytral  striatkm.  The 
third  tarsal  lobes  are  also  much  more  distinct. 

The  weevil  Rhigopsidius  tucumanus  Heller  (PI.  XL)  is,  according  to 
present  information,  more  widely  distributed  than  either  of  the  other 
species.  It  was  originally  described  by  Heller  *  from  Tucuman,  Argen- 
tina, and  was  recorded  in  the  note  by  Sasscer  and  Pierce,*  quoted  above, 

1  Heller.  K.  M.  Neue  ROsseUcJifer  aus  Central-  tmd  Sfldamerika.  Bnt.  Ztg.  Stettin.  1906.  Bd.  67 
(Heft  i),  p.  7-9.  pi.  z.,  figs.  3,  3a,  and  3b. 

>Tlii8  weevil  (PL  XL)  belongs  to  the  family  Psaliduridse,  subfamily  Rbytirhinins.  tribe  RbytirhininL 

The  nearest  North  American  insects  are  the  species  of  the  genus  TktcesUmus  in  the  tribe  Thecestemini  of 

the  same  subfamily. 

The  following  description,  taken  from  Sasscer  and  Pierce  (op.  dt.),  win  identify  this  spedes. 

Length,  9  mm. ,  yellowish  or  purplish  brown,  with  thickly  matted  vestiture  of  a  dnereous  shade  mottled 

with  black  dots.    Head  concealed  from  above  by  prothorax  and  eyes,  almost  covered  by  the  lateral  pro- 

adc  lobes.    Beak  moderatdy  short,  usually  reposing  in  a  deep  podcet  of  the  prothorax,  which  is  pos- 

irly  limited  by  the  anterior  coxse.    Beak  medianly  and  laterally  carinate  to  a  cross  cariiu  between  the 

s  of  the  Q«»«*ntial  scapes.    Scrobes  deep  and  narrow  from  apex  near  tip  of  beak  afanost  to  eyes,  then 

ply  deflected  and  broader  in  front  of  eyes.    Scape  stout,  davate.    Punide  7-iointed,  the  last  joint 

irently  a  part  of  the  dub.    Club  4-jointed.    Head  at  base  sinuately  impressed,  with  swellings  above 

eyes.  Prothorax  very  irregularly  sculptured  but  with  a  deep  median  furrow  widened  angularly  at 

die  and  also  behind.    Strial  punctation  deep  but  irregular.    Intervals  tumid  behind.    Ijtgs  stout 

d  with  third  johit  not  widdybilobed;  tarsal  daws  simple.    Pirst  and  second  abdominal  segments  long; 

1  and  fourth  shorter  than  fifth. 
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in  shipments  received  May  24,  1913,  from  Mr.  Wight,  who  collected  the 
matexial  at  Cuzco,  Temuco,  and  Arequipa,  Peru;  Oruro,  Bolivia,  and 
Ancud  or  San  Carlos  and  Castro  Islands,  Chile.  In  many  instances  the 
injury  occasioned  by  these  weevils  was  quite  noticeable.  A  few  of  the 
tubers  which  superficially  appeared  to  be  sound  were  found,  on  being 
opened,  to  be  infested  with  one  and  sometimes  two  larvse  or  adults.  Mr. 
Sasscer  succeeded  in  keeping  two  adults  alive  from  May  24  to  September 
6,  during  which  period  they  fed  but  little  and  then  only  on  foliage  of 
potato.  The  injury  of  this  species  consists  of  tunnels  throughout  the 
potato,  as  shown  in  Plate  XXXIX,  and  the  work  of  the  two  other 
weevils  is  very  similar. 
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DESCRIPTION  OF  PLATES 

Plats  XXXIX.  Injury  caused  by  potato  weevils.  Fig.  i. — ^A  section  of  a  potato 
from  Peru,  showing  the  larva  of  Rkigopsidius  tucumanus  in  its 
burrow. 
Pig.  3. — ^A  section  of  a  potato,  showing  the  bunowings  of  Rkigop- 
sidius tucumanus.  The  work  of  the  two  other  weevils  is  some- 
what similar. 
XL.  Rkigopsidius  tucumanus  Heller.    Fig.  i. — Dorsal  view. 

Fig.  2. — ^Ventral  view.    Both  views  are  much  enlaiged;  natural 
size,  9  mm. 
XLI.  Figs.  I  and  2. — Premnotrypes  solani  Pierce  (much  enlaiged;  natural 
size,  7  mm.). 
Fig.  I. — Dorsal  view.     In  this  drawing  the  beak,  scape,  and  tibis 
are  foreshortened,  which  gives  an  idea  of  even  greater  differences 
from  the  succeeding  species  than  really  exist. 
Fig.  2. — ^Ventral  view. 

Fig.  3. — Trypopremnon  latitkorax  Pierce  (much  enlarged;  natural 
size,  6  mm.).  Dorsal  view.  In  this  drawing  the  scape  and  the 
tibise  are  not  foreshortened  as  much  as  in  the  other  species.  The 
different  attitude  of  the  beak  gives  a  sense  of  greater  divergence 
than  occurs,  as  can  be  seen  from  the  side  view  of  the  head  and 
prothorax  (see  text  figs,  i  and  3).  The  ventral  view  resembles 
very  closely  that  of  Premnotrypes  solani. 
The  drawings  which  accompany  this  article  were  made  by  Mr.  Harry  B.  Bradford. 
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AN   UNDESCRIBED    SPECIES   OF  GYMNOSPORANGIUM 

FROM  JAPAN 

By  W.  H.  Long, 
Forest  Pathohgist,  Investigations  in  Forest  Pathology,  Bureau  of  Plant  Industry 

INTRODUCTION 

In  the  Anntial  Rq)ort  of  the  Connecticut  Agricultural  Experiment  Sta- 
tion for  1 91 2  (pt.  5,  p.  350),  Dr.  Clinton  reports  the  introduction  of 
Gymnosporangium  japonicum  Syd.  on  Jumperus  chinensis.  The  rust  was 
found  on  both  stems  and  leaves  of  a  form  known  as  /.  compacia,  while  on 
a  seedling  of  /.  chinensis  called  /.  virginalis  the  rust  occurred  only  on 
the  leaves.  The  plants  showing  rust  only  on  the  leaves  were  planted  in 
an  isolated  place.  The  following  spring  they  were  found  to  be  free  from 
rust. 

Through  the  kindness  of  Dr.  Perley  Spaulding  the  writer  was  able  to 
examine  some  of  the  infected  material  from  Dr.  Clinton's  herbarium 
containing  both  types  of  the  rust.  The  rust  on  the  woody  stems  seems 
to  be  Gymnosporangium  japonicum  Syd.,  but  that  on  the  leaves  or  yoimg 
t¥dgs  differs  in  most  of  its  microscopic  and  macroscopic  characters  from 
G.  japonicum.  According  to  the  report,  the  rust  on  the  leaves  or  young 
twigs  is  apparently  an  annual,  while  the  other,  G.  japonicum,  is  a  perennial ; 
one  is  found  on  the  leaves  and  green  twigs,  the  other  on  the  woody  stems; 
one  causes  no  deformation  of  the  host,  the  other  produces  fusiform 
enlargements  4  cm.  in  length  or  longer.  The  microscopic  characters  of 
the  t^ro  differ  as  widely  as  the  gross  characters  mentioned  above. 

The  writer  has  found  in  most  species  of  Gymnosporangium  three  types 
of  teliospores  in  the  same  sorus.  One  t5rpe  has  very  thick  colored  walls; 
one,  moderately  thick  colored  walls;  and  the  third,  thin  and  colorfess 
waUs.  These  three  types  usually  differ  from  each  other  also  in  shape 
and  size  of  the  spore  as  a  whole  or  in  the  individual  cells  of  each  spore. 
Constant  specific  characters  may  occur  in  one  type,  often  in  the  thin 
colorless-walled  spores,  while  they  are  absent  in  the  other  two  types  or 
are  not  so  pronounced.  For  this  reason  the  characters  of  at  least  the 
two  extreme  types  of  spores  should  be  given  for  each  species  under  dis- 
cussion. In  the  following  descriptions  the  two  extreme  types  are  fully 
described  for  two  of  the  species  and  the  three  types  for  the  third  one.  As 
a  matter  of  convenience  in  comparing  the  three  species  brief  descriptions 
of  G.  japonicum  and  G.  haraeanum  are  also  given. 

JoMxrnal  of  Asricultural  Rcscarcfa,  {^x<x )  Vol. I,  No. 4 
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DESCRIPTION  OF  SPECIES  OF  GYMNOSPORANGIUM 

Gymnospgninginm  chinim»i»,  n.  8p. 

^ia  unknown. 

Telia  epiphyllous  or  caulioolous,  appearing  on  the  very  small  green  twigs  betwees 
the  leaves,  not  causing  a  fasdation  of  the  young  shoots;  scattered;  usually  hemis- 
pheric; about  z  mm.  in  diameter;  hazel  in  color  when  desiccated. 

Teliospores  2-celled;  spores  with  colored  walls,  oval  to  broadly  ellipsoid,  19  to  23 
^y  35  to  40  /£  (average  for  10  spores,  2z  by  36.7  /i),  slightly  but  plainly  constricted  at 
septum.  The  two  cells  are  usually  subequal;  spores  nnmded  at  both  ends,  walls 
thin,  about  i  to  z.5  ;£,  pedicel  cylindric;  poces,  one  to  two  in  each  cell  near  septum^ 
or  rarely  only  one  in  upper  cell  and  apical. 

Spores  with  thin  colorless  walls,  ellipsoid,  17  to  19  by  47  to  52  /£  (average  for  10  ^lores, 
z8  by  49  ;£ ),  plainly  constricted  at  septum.  The  two  cells  are  unequal,  the  lower  being 
from  3  to  7  ft  longer  than  the  correqnnding  upper  cell;  apical  cell  rounded  or  only 
slightly  narrowed  toward  apex,  lower  narrowed  toward  base;  wall  thin,  colorless,, 
about  I  li  thick;  pores,  one  to  two  in  each  cell  near  septum,  or  usually  only  one  in 
upper  cell  and  apical. 

Host  plant. — On  Juniperus  ckinensis  in  the  Elm  City  Nursery,  Westville,  Conn., 
March  28,  191 1,  on  stock  just  imported  from  Japan.  In  same  packet  with  Gymno' 
sporangium  japonicum  on  the  same  host.    From  the  herbarium  of  Dr.  G.  P.  Clinton. 

Gymnosporangium  japonicum  Syd. 

Telia  caulicolous  on  fusiform  csilargements,  4  cm.  or  more  long,  of  the  woody  stems,, 
irregular  tongue  or  wedge  shaped,  about  3  mm.  or  more  long,  often  in  rows. 

Teliospores  2-celled,  occasionally  3-celled;  spores  with  thick  colored  walls,  ellipsoid, 
22  to  24  by  48  to  63  ft  (average  size  for  zo  spores  22  by  54.7  /i),  cells  subequal  or  lower 
longer  and  more  nanowed  at  base,  not  constricted  at  septum,  narrowed  at  both  ends; 
walls  i.$to2  fi  thick,  pores  near  septum,  two  in  each  cell. 

Spores  with  thin  colorless  walls,  elliptic  fusiform  to  linear  oblong,  z6  to  Z9  by  57  to 
70^1  (average  for  zo  spores  z6.8  by  65  ft),  walls  z  ft  thick,  not  constricted  at  s^tum; 
pores,  two  in  each  cell  near  septum. 

Host  plant. — On  Juniperus  Mnensu  from  Japan. 

Gymnosporangium  haraeanum  Syd. 

(Sydow,  H.,  and  Sydow,  P.  Novae  fungorum  species— VIII.  Ann.  Myool.,  v.  zo^ 
no.  4,  p.  405,  Z9Z2.) 

Telia  epiphyllous  or  caulioolotis  on  the  very  small  green  twigs,  ziot  causizig  a  fascia* 
tion  of  the  young  shoots;  scattered;  hemispheric  to  short  conic;  one-half  to  z  mm. 
in  size. 

Teliospores  2-celled;  spores  with  very  thick  colored  walls,  ellipsoid,  25  to  28  by^ 

35  to  44  ft  (average  size  for  zo  spores  25.7  by  39  p),  ziot  or  but  very  slightly  constricted 

at  the  septum;  spores  rounded  or  somewhat  narrowed  at  both  ends;  the  two  cells 

subequal  or  the  lower  often  laiger  and  more  nanowed  toward  the  base  than  the  upper 

one ;  walls  very  thick,  3  to  4  /£ ;  pores,  two  in  each  cell  near  septum ;  pedicel  cylindrical. 

Spores  with  walls  moderately  thick  and  colored,  elliptic  oblong,  22  to  26  by  48  to  57/1 

average  for  zo  spores  23.6  by  52  /£),  ziot  or  but  slightly  constricted  at  septum;  spores 

isually  much  narrowed  at  both  ends;  upper  cell  often  with  a  mammillate  apex; 

>wer  cell  often  longer  than  upper;  walls  2.5  to  3  /i  thick;  pores,  two  in  e^ch  cell  near 

eptum. 

Spores  with  walls  thin  and  colorless,  oblozig  to  oblong  fusiform,  z6  to  Z9  by  48  to  57/1 
average  size  for  zo  spores  Z7  by  5Z  /i),  rarely  constricted  at  septum;  cells  subequal^ 
funded  or  zianowed  at  both  ends;  pcM^s,  two  in  each  cell  near  septum;  walls  abont 
ft  thick. 
Host  plant. — On  Juniperus  chinensis  from  Japan. ^  • 

>  This  descriptioa  was  nudeirom  a  portion  ol  the  type  material  which  Dr.  Sydow  kindly  sent  to  the 
Titer. 
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The  three  types  of  spores  are  described  in  full,  and  their  diagnostic 
character  can  readily  be  seen  when  Gymnosporangium  haraeanum  is  com- 
pared with  the  other  two  species  given  in  this  paper.  In  Gymnosporan- 
gium japonicum  and  G.  chinensis  the  spores  with  thick  and  moderately 
thick  colored  walls  for  each  species  are  so  similar  that  the  two  kinds  are 
described  as  one;  therefore,  only  two  types  of  spores,  thick  and  thin 
walled,  are  described  for  each  of  these  two  species.  G.  chinensis  and  G. 
haraeanum  are  so  closely  related  that  the  writer  wotdd  not  publish  the 
former  as  a  new  species  until  he  had  examined  the  type  material  of  the 
latter.  After  a  careful  examination,  however,  the  conclusion  was 
reached  that  the  two  were  distinct,  as  they  differ  in  certain  fundamental 
microscopic  characters.  These  differences  are  shown  in  the  description 
given  of  each  species.  The  most  marked  difference  between  these  two 
species  is  the  position  of  the  germ  pores  in  the  colorless  thin-walled 
teliospores.  In  G.  chinesis  they  are  plainly  apical  in  the  upper  cell,  while 
in  G.  haraeanum  they  are  just  as  certainly  situated  only  at  the  septum 
in  both  cells. 

According  to  Dr.  Clinton,  the  telia  of  Gymnosporangium  chinensis  occur 
on  the  leaves,  but  in  the  very  meager  herbarium  material  examined  by 
the  writer  they  arose  between  the  leaves  rather  than  on  them.  The  telia 
are  therefore  stated  in  the  above  description  to  be  either  caulicolous  or 
epiphyllous. 

The  three  types  of  spores  mentioned  in  the  above  descriptions  are 
usually  more  evident  in  herbarium  material  than  in  fresh,  as  the  obstruct- 
ing colored  contents  of  the  spores  fade  in  drying,  thus  permitting  a 
clearer  view  of  the  spore  walls. 

The  value  of  taking  into  consideration  at  least  two  t3^pes  of  spores,  the 
thick  and  thin  walled  ones,  is  very  evident  when  the  corresponding  kiuds 
for  each  species  are  compared.  For  instance,  the  oval  thick-walled 
spores  of  Gymnosporangium  chinensis,  with  equal  cells  rounded  at  both 
ends,  are  in  marked  contrast  to  the  ellipsoid,  thick-walled  spores  of  G, 
japonicum,  with  tmequal  cells  sharply  contracted  at  both  ends;  while  the 
long,  narrow,  linear-oblong,  thin-walled  spores,  with  equal  cells  of  G. 
japonicum,  are  very  different  from  the  shorter  thin-walled  spores,  with 
unequal  cells  of  G.  chinensis.  Again,  many  of  the  thick-walled  spores  of 
G.  japonicum  are  so  sharply  attenuated  at  both  ends  that  they  become 
trapezoid  in  shape,  while  the  apical  cells  often  have  a  distinctly  mammil- 
lated  apex.  Neither  of  these  characters  is  present  in  the  thick-walled 
spores  of  G.  chinensis. 

Through  the  kindness  of  Dr.  Shirai  the  writer  has  been  able  to  examine 
some  of  the  material  of  Gymnosporangium  japon/icum  collected  in  1900. 
It  was  probably  a  part  of  the  material  used  by  him  in  his  inoculation 
experiments  with   this  spedes.*    The  specimens  sent  consist  of  two 

>  Shitai*  M.  t)t)er  den  genetisdieti  Zusaxmnenhang  zwiscfaen  Rostelia  Icoreaensis  P.  Ham.  und  Gym- 
noBporBngiinn  japonkum  Sydow.    Ztsdxt.  Pflanzenkrank..  Bd.  zo.  Heft  z.  p.  z-s*  pl*  z~9,  Z900. 
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infected  branches.  One  lesion  is  on  a  woody  stem  6  mm.  in  diameter; 
the  other  is  on  a  much  yomiger  branch  1.5  mm.  in  diameter.  No  telia 
were  fomid  on  the  leaves  or  very  yomig  twigs.  The  telia  and  telio- 
spores  were  similar  to  those  f  omid  on  the  woody  stems  of  the  imported 
Juniperus  chinensis  from  Connecticut,  but  had  nothing  in  common  witb 
the  telia  of  G.  chinensis,  which  were  found  on  the  very  young  twigs  and 
leaves  of  this  imported  juniper. 
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THE  PRESENCE  OF  SOME  BENZENE  DERIVATIVES 

IN  SOILS 

By  Edmund  C.  Shorby, 
Scientist  in  Soil-Fertility  Investi^cUions,  Bureau  of  Soils 

INTRODUCTION 

The  isolation  of  organic  compounds  from  soils  may  have  an  interest 
'  other  than  that  of  the  purely  scientific  nature  attached  to  any  increase 
|,  in  our  knowledge  of  the  composition  of  soils.    This  is  true,  not  only 
when  the  compounds  are  known  to  be  readily  reactive  with  other  com- 
pounds or  to  have  an  elSect  on  the  microflora  of  the  soil  or  the  growth 
I  of  higher  plants,  but  also  when  their  constitution  indicates  that  they 
may  have  such  an  effect.     Recently  three  organic  compounds  have  been 
isdated  from  soils  that  seem  to  be  of  this  nature. 

These  compounds,  rather  closely  related  in  constitution,  are  benzoic 
add,  metaoxytoluic  acid,  and  vanillin.  They  were  obtained  from 
I  samples  of  sandy  soil  from  Florida  at  present  devoted  to  orange  culture. 
I  These  soils  are  composed  of  quartz  sand  ranging  in  color  from  light  gray 
I  to  brown  and  contain  very  little  organic  matter.  For  the  most  part 
I  this  organic  matter  is  deposited  in  a  thin  layer  on  the  grains  of  sand,  so 
I  that  when  the  soils  are  treated  with  dilute  alkali  and  the  film  of  organic 
I  material  is  thereby  dissolved  or  loosened  pure  white  quartz  sand  remains. 
I  The  samples,  about  90  kilograms  in  each  case,  were  from  eight  loca- 
I  tions,  the  top  soil  and  subsoil  being  represented  by  separate  samples. 

BENZOIC  ACID 

Benzoic  acid  was  obtained  from  but  one  of  these  samples — a  subsoil. 
I  There  was  no  indication  of  its  presence  in  the  corresponding  surface  soil, 
I  and,  although  indications  were  obtained  of  its  presence  in  other  subsoils 
I  of  this  series,  it  could  not  be  isolated  in  a  pure  form  in  sufficient  quantity 
I  for  identification. 

The  method  by  which  benzoic  acid  was  obtained  from  this  soil  was  as 
I  follows: 

The  soil  was  treated  at  room  temperature  with  a  2  per  cent  solution  of 
I  sodium  hydroxid  for  six  hours,  allowed  to  stand  several  hours,  and  the 
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colored  extract  siphoned  off.  This  extract  was  acidified  with  sulphuric 
add,  filtered,  and  the  add  filtrate  shaken  out  several  times  with  ether. 
The  ether  extracts  were  combined  and  the  ether  evaporated  on  the  sur- 
face of  a  small  quantity  of  warm  water.  The  water  was  then  heated  to 
boiling  and  filtered  hot,  when,  on  cooling  the  filtrate,  cr3rstals  separated. 
A  further  3ddd  of  crystals  was  obtained  on  concentrating  the*mother 
liquor  from  the  crystals  first  obtained.  The  compound  obtained  in  this 
way  was  purified  by  recrystallizing  from  water,  and  finally  by  sublima- 
tion, when  a  pure  white  product  was  obtained.  About  2  grams  were 
obtained  from  25  kilograms  of  soil. 

This  compound  had  all  the  properties  of  benzoic  add.  It  cr3rstallized 
in  the  leaflets  characteristic  of  benzoic  add.  It  was  readily  soluble  in 
alcohol,  ether,  and  chloroform,  sparingly  soluble  in  cold  water  but  much 
more  readily  in  hot  water,  and  melted  at  121^  C.  An  aqueous  solution 
was  add  in  reaction,  and  when  neutralized  and  treated  with  a  neutral 
solution  of  ferric  chlorid  a  dirty-brown  predpitate  was  formed  that  was 
insoluble  in  acetic  add.  The  compotmd  sublimed  readily  and  whai 
heated  strongly  gave  off  the  irritating  f tmies  characteristic  of  benzoic  add 
when  so  treated.     Finally  it  gave  Mohler's  reaction.^ 

The  appearance  and  properties  of  the  compound  obtained  from  the 
soil,  its  behavior  with  ferric  chlorid,  and  response  to  Mohler's  test  are 
sufiident  to  establish  its  identity  as  benzoic  add. 

METAOXYTOLUIC  ACID 

Metaoxytoluic  add  was  obtained  from  several  samples  of  the  series 
examined,  but  in  quantity  only  from  subsoils.  The  method  by  which  it 
was  obtained  was  exactly  the  same  as  that  just  outlined  for  benzoic  add 
up  to  the  point  of  obtaining  a  water  solution  of  the  ether  extract.  If  no 
benzoic  add  or  other  compound  separated  on  cooling  the  filtrate,  it  was 
concentrated  nearly  to  dryness  and  allowed  to  stand,  when  ox3rtoluic  add, 
if  present,  crystallized  out.  The  compound  so  obtained  was  purified  by 
repeated  recrystallizations  from  water  and  was  finally  dried  on  a  porous 
plate.  This  product  retained  persistently  a  slight  tinge  of  color,  and  it 
was  only  after  many  treatments  and  much  loss  of  material  that  it  could 
be  freed  from  color.  Where  traces  of  benzoic  add  accompanied  it,  as 
seemed  to  be  the  case  in  some  instances,  it  could  be  freed  from  benzdc 
add  by  sublimation,  this  add  being  much  more  readily  sublimed  than 
oxytoluic  add.  About  10  grams  of  pure  material  were  obtained  from  25 
kilograms  of  soil. 

1  Mohler's  test  is  earned  out  by  heating  the  substance  to  be  deteimined  with  solphuf^ 
takes  place,  snlphobenzoic  add  being  fonned  if  benzoic  add  is  present  in  the  original  material.    On^naC- 
ing  "with  potassium  nitrate  this  will  be  transformed  into  metadinitro^ensoic  add.     On  adding  excess  sf 
aimnnnia  to  this  add  and  then  a  few  drops  of  a  colorless  solution  of  ammonium  sulphid  a  red  color  will 
be  obtained. 

Official  and  provisional  methods  of  analysis.  Association  of  Official  Agricultural  Chemists.    U.S.Dc|it. 
Agr.  Bur.  Chem.  Bui.  207  (rev.),  p.  x8x,  zgoS. 

Ifohkr,  E.    Recherche  de  I'adde  bcnzolque  dans  les  substances  aUmentaircs.    Bui.  Soc.  Chim..  Fuiii 
t.  3>  t.  3.  p.  4i4-4»6,  X890. 


Digitized  by 


Google 


Peb.x6,z9i4  Benzene  Derivatives  in  SoUs 

On  elementary  analysis  this  compound  gave  the  f  ollowin 
gram  were  used  for  each  analysis) : 

Analysis 
Per  cent. 

Carbon 63.33 

Hydrogen 5.39 

Oxygen 31.  28 

This  corresponds  with  the  composition  of  oxytoluic 
which  contains  63.15  per  cent  of  carbon,  5.26  per  cent  of 
31.50  per  cent  of  oxygen.  There  are  10  isomeric  oxytok 
which  have  been  described.  The  compound  obtained  fro 
the  properties  of  metaoxytoluic  add,  with  the  carboxyl, 
methyl  radicals  in  the  i.  3.  5.  positions,  respectively. 

This  compound  cr3rstallizes  in  plates  or,  when  the  quant 
groups  of  radiating  needles.  It  is  rather  soluble  in  cold  w 
so  in  hot  water.  It  is  soluble  in  alcohol  and  ether,  sublin 
and  melts  at  208®  C.  On  the  addition  of  a  solution  of  fei 
aqueous  solution  of  the  compound  gives  a  brown  precipil 
solves  to  a  brown  solution  when  the  reagent  is  added  in  e 
distillation  of  the  dry  compound  with  lime,  metacresol  is 
identity  of  the  metacresol  obtained  from  the  soil  compou 
was  established  by  transforming  it  into  2.  4. 6.  trinitrocresol 
pound  melting  at  106®  to  107°  C.  This  was  effected  by 
metacresol  in  strong  sulphuric  acid,  pouring  into  a  mixtui 
sulphuric  adds,  heating,  and  then  cooling.  The  nitro  p 
tered  oflF,  washed  with  dilute  hydrochloric  acid,  recrystalli 

Metaoxytoluic  add  was  made  from  sulphotoluic  acid  ac 
method  of  Jacobsen,*  and  its  properties  were  compared 
pound  obtained  from  the  soil,  the  two  agreeing  in  every  r 
the  artifidal  product  and  the  soil  compotmd  were  mixe 
point  was  unchanged.  The  agreement  in  composition  1 
mentioned  is  suflScient  to  establish  the  identity  of  the  comj 
from  the  soil  as  metaoxytoluic  acid. 

VANILLIN 

In  the  course  of  investigations  of  the  organic  matter  of  ! 
for  the  past  six  years  soil  extracts  having  the  odor  of  vani 
some  of  the  reactions  of  that  compound  have  been  encount 
to  time,  but  its  presence  could  not  be  confirmed  by  isc 
form.  In  investigating  the  soil  samples  from  Florida  th< 
accomplished. 

The  method  of  isolation,  as  with  the  compounds  just 
begun  by  making  an  alkaline  extract  of  the  soil.    This  ext 
fied  and  filtered  and  was  then  shaken  out  with  several  poi 

>  JaoolMcn,  OscAr.  Ozytohiylsauxen  und  Oxyphtalsfturen.  Ber.  Deut.  Chem.  C 
Do.,  p.  a3S7-a359.  i8Su 
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slowly  developed.     This  reaches  a  maximum  in  a 
constant  for  several  hours,  furnishing  a  reliable 
the  determination  of  vanillin.^ 

The  method  of  isolating  the  compound  froc 
form,  odor,  melting  point,  and  the  fact  that  it 
reactions  of  vanillin  are  sufficient  to  establish  it 

The  qtiantity  of  pure  vanillin  obtained  by  this 
soils  examined  was  but  a  few  milligrams  from 
possible  to  obtain  the  vanillin  in  pure  crystallin 
samples.  From  some  of  the  other  samples  crys 
gave  the  reactions  of  vanillin,  but  there  were  not 
tion  and  determination  of  the  melting  point, 
from  all  the  samples  having  the  odor  of  vanillin 
reactions  for  it.  In  each  case  where  it  was  poss 
in  pure  form  the  sample  was  a  surface  soil. 

An  application  of  the  colorimetric  method  of  F< 
to  two  samples,  those  from  which  the  most  vanill 
alkaline  extraction.  One  htmdred  grams  of  soil 
thoroughly  extracted  with  warm  alcohol  that  h£ 
The  alcohol  was  evaporated,  and  the  residue  w 
water  and  filtered.  Lead  acetate  was  added  to 
precipitate  formed.  The  solution  was  then  f 
treated  with  the  reagent  of  Folin  and  Denis  (a  mi: 
and  pbosphomolybdic  acids),  followed  by  an  exo 
It  was  again  filtered  and  made  to  a  definite  volu 
solution  was  read  in  a  colorimeter  against  a  soluti 
way  from  a  standard  solution  of  vanillin.  Samp 
cent  of  vanillin,  or  lo  parts  per  million,  whil< 
0.00048  per  cent,  or  4.8  parts  per  million. 

Vanillin  contains  the  radical  methoxyl  OCH,. 
it  was  shown  that  the  methoxyl  radical  is  presei 
dent  quantity  to  be  determined  by  the  Zeisel  mei 
of  the  methoxyl  in  samples  Nos.  i  and  2  by  this 
No.  I,  0.065  P^r  cent  of  methoxyl  calculated  to 
No.  2,  0.050  per  cent. 

Methoxyl  is  contained  in  a  number  of  organic 
stant  constituent  of  the  lignocellulose  of  plants, 
from  these  soils  when  calculated  to  vanillin  is  sc 
actually  obtained  in  the  isolation  from  an  al 

1  PoOn,  Otto,  and  Denis,  W.  A  new  colorimetric  method  for  the  dc 
txtncts.    Joor.  Indus,  and  Bngin.  Chem.,  v.  4,  no.  9.  pp.  670-^72,  191 

*  Shorey,  B.  C,  and  Lathrop,  £.  C.  Methoxyl  in  soil  organic  mattei 
no.  X,  p.  75~78f  xgxx* 

*Zcisel,  S.  'Ober  cin  Veifahren  zum  qoantitativen  Nachweise 
Bd.  6.  1885.  p.  989-996.  X  pi.    x886. 

'■  ■     '    Zttxn  quantitativcn  Nachweise  von  Methoxyl.    Monatsh.  Ch 
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In  the  case  of  the  two  adds  the  method  invol 
material  and  the  actual  quantity  present  in  the 
excess  of  these  figures. 

The  question  as  to  the  form  in  which  these  < 
soil  is  one  deserving  some  consideration,  altho 
swered  satisfactorily.  It  is  true  of  most  organi 
been  obtained  from  soils  through  extraction  wit! 
are  not  readily  obtained  as  such  by  water  ext 
many  soils  this  can  be  explained,  in  part  at  least 
of  the  organic  matter  in  soils  is  of  a  resinous  na 
water,  and  compounds  which  when  separated  an 
are  so  incased  or  protected  by  the  resinous  or  var 
by  this  resinous  material  that  they  are  very  sic 
when  the  soil  is  leached.  This  effect  is  quite  api 
effect  and  is  quite  marked  in  extreme  types,  suet 
and  some  peats,  where  either  fine  grinding  or  f 
alcohol  will  render  soluble  in  water  organic  m 
treatment  was  so  little  soluble  as  to  escape  not 

In  the  case  of  vanillin,  grinding  the  soil  and 
gave  more  of  the  compound  than  was  obtained  b; 
and  from  the  known  properties  of  vanillin  it  s 
quantity  found  is  in  the  soil  in  any  other  form  t 

Treatment  of  the  soil  with  hot  alcohol  after 
from  which  reactions  for  both  benzoic  acid  and  n 
be  obtained,  but  in  the  absence  of  colorimetric 
small  quantities  and  owing  to  the  fact  that  the  < 
were  made  with  much  smaller  quantities  of  soil  t 
sodium  hydroxid,  no  comparative  figures  can  ] 
conclude,  however,  that  in  some  of  the  soils  exi 
both  acids  is  present  as  free  add. 
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IN 


By  T.  H.  Kearnby,*  L.  J.  Briggs,^  H.  L.  Shantz,'  J.  W.  McLanb,*  and 

R.  L.  PIBMBISBL,* 

Bureau  of  Plant  Industry 

INTRODUCTION 

In  the  arid  portion  of  the  United  States  the  dififerent  types  of  native 
vegetation  are  often  very  sharply  delimited,  the  transitions  being  so 
abrupt  that  they  can  not  be  attributed  to  climatic  factors;  this  has  sug- 
gested the  possibility  of  correlating  the  distribution  of  the  vegetation 
with  the  physical  and  chemical  properties  of  the  soil.  If  such  correla- 
tions can  be  made,  they  may  be  utilized  in  the  classification  of  land 
with  respect  to  its  agricultural  capabilities. 

One  of  the  writers  •  has  described  the  correlations  which  exist  in  the 
Great  Plains  between  the  different  types  of  vegetation  and  the  physical 
characteristics  of  the  corresponding  t3rpes  of  land  and  has  pointed  out 
how  the  native  growth  may  be  used  in  that  region  to  determine  the 
suitability  of  the  land  for  dry  farming. 

The  results  obtained  in  the  Great  Plains  made  it  desirable  to  undertake 
similar  investigations  in  the  Great  Basin  r^on,  or  that  portion  of  the 
United  States  l3dng  between  the  Rocky  Mountains  on  the  east  and  the 
Sierra  Nevada  and  Cascade  Ranges  on  the  west.  The  problems  to  be 
solved  were:  First,  what  types  of  vegetation  indicate  conditions  of  soil 
moisture  favorable  or  unfavorable  to  dry  farming,  and,  second,  what 
types  indicate  the  presence  or  absence  of  alkali  salts  in  quantities  likely 
to  injure  cultivated  crops.  For  the  purpose  of  this  investigation  it 
was  necessary  to  find  a  locality  where  both  dry  farming  and  irrigation 
farming  are  practiced,  where  much  of  the  land  is  still  covered  with  the 
original  native  growth,  and  where  some  of  the  soils  contain  an  excess 
of  alkali  salts. 

*  Physiologist  in  Charse,  Alkali  and  Dronsht  Resistant  Plant  Investisations. 

*  Biophytidst  in  Charge,  Biophysical  Investigations. 

*  Plant  Physiologist,  Alkali  and  Ditmght  Resistant  Plant  Investigations. 

*  Laboimtory  Assistant,  Bioi)hysical  Investigations. 

*  Scientific  Assistant,  Alkali  and  Drought  Resistant  Plant  Investigations. 

*  Shantz,  H.  I«.  Natural  vegetation  as  an  indicator  of  the  catMbilities  of  land  for  crop  productioa  in  the 
Great  Plains  area.    U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Bui.  aoz,  xoo  p.,  33  fig.,  6  pi.  X9zx. 

With  the  exception  of  the  valuable  work  of  Hilgard  in  Mississippi  and  of  Hilgard  and  his  associates 
in  Califomia  (see  Hilgard,  E.  W.,  Soils,  New  York,  1906.  p.  487-548.  figs.  77-89).  very  little  had  previously 
been  done  in  the  United  States  toward  a  scientific  study  of  native  vegetation  from  the  indicator  point  of 
view.  In  Europe,  however,  the  sul^ect  has  been  much  investigated,  essiedally  as  regards  *'lime- 
Wving"  and  "lime-avoiding"  plants. 
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composite  of  four  cores.  The  soils  were  usually  sar 
feet  and  occasionally  to  a  greater  depth,  the  cores  1 
sections. 

PBTBRMINING  the  SoUrMoiSTURE  CONTENT. — Nt 

uniform  weight  and  with  tight-fitting  covers  were 
soil  samples  directly  from  the  sampling  tubes.  Tl 
used  as  a  basis  for  the  moisture  determinations 
weighing  was  dried  in  a  water  oven  to  constant  w 
content  is  in  all  cases  expressed  as  a  percentage  of  t 
sample. 

Determining  the  Moisture  Equivai^ent. — In  s 
in  relation  to  plant  growth  it  is  important  to  ha\ 
measurement  of  the  retentivity  of  the  soil  for  mois 
authors  have  previously  shown,^  this  may  be  conve 
by  the  method  of  moisture  equivalents.  This  me 
jecting  a  moist  sample  of  soil  to  a  constant  centi 
i,ooo  times  that  of  gravity  until  the  moisture  cc 
reduced  to  the  point  where  it  is  in  equilibrium 
force  employed.  The  residual  moisture  content 
determined.  This  value,  expressed  as  a  percentag 
of  the  sample,  is  the  moisture  equivalent.  A  di 
retentiveness  for  moisttu-e  of  the  various  soils  is 
since  the  same  force  is  employed  throughout,  all  o; 
are  directly  comparable. 

Determining  the  Wilting  Cobppicient. — It  ha 
of  the  authors  '  that  the  moisture  equivalent  serve 
means  of  determining  the  wilting  coefficient.  The  1 
(as  a  percentage  of  the  dry  weight  of  the  soil)  tt 
remaining  in  the  volume  of  soil  occupied  by  the  ac 
which  is  beginning  to  wilt.' 

These  determinations  (moisture  equivalent  and 
serve  to  give  an  idea  of  the  texture  of  the  soils  occt 
plant  associations,  as  indicated  by  their  retentivenc 
subtracting  the  wilting  coefficient  from  the  actual 
measure  is  obtained  of  the  percentage  of  moisture  a^ 
growth  of  plants  at  the  time  the  soil  samples  were  t 

Determining  the  Salt  Content. — ^The  total  i 
soil  sample  was  determined  by  the  electrical-resistan 

>  Bfiggs,  Ir.  J-,  «nd  McLane,  J.  W.  Moisture  equivalents  of  loils.  U.S. 
«3  p..  I  fig..  X  i>L    1907. 

Bfigga,  L.  J.»  and  McLanc,  J.  W.  Moisture-equivalent  determinations 
AoMT.  Soc  Agraa.,  v.  a,  19x0,  p.  X38-X47,  pL  6.    19x3. 

*  Bfigga,  L.  J.,  and  Shantz,  H.  L.  The  wilting  coefficient  for  different  p 
oatkn.    U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  BuL  930, 83  p.,  9  fig..  9  pL,  x^ 

*  "Wnttng"  in  this  case  must  be  understood  as  peimancnt  wilting— i.  c 
plant  can  not  recover  its  turgidity  until  the  soil  receives  additional  moia 
humidity  of  the  atmosphere. 
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the  electrical  resistance.  Therefore,  in  the  case  of  soils  containing  gypsum  the  elec- 
trical-resistance method  may  be  considered  to  be  more  reliable  than  the  excess-solvent 
method.  The  probable  error  of  determinations  by  the  electrical-resistance  method 
is  approximately  10  per  cent  of  the  actual  salt  content. 

CLIMATE  OF  TOOELE  VALLEY 

Tooele  Valley  is  dry,  having  a  mean  annual  precipitation  of  16  inches.* 
The  average  monthly  distribution  of  the  precipitation  at  Tooele  is  shown 
in  figure  2.     No  precipitation  records  are  available  for  other  parts  of  the 
valley,  save  fragmentary  records  at  Grantsville  for  two  years,  which 
indicate  that  the  western  side  of  the  valley  receives  decidedly  less  pre- 
cipitation than  the  eastern  slope.     During  the  first  nine  months  of  1912, 
the  total  precipitation  recorded  at  Grantsville  was  7.6  inches,  as  com- 
pared with  13  inches  ^  ^ 
at  Tooele.    The  con- 
dition of  the  native      ^ 
vegetation  and  of  the      V 
crops  grown  without      ^ 
irrigation    also    indi- 
cates that  the  western 
side  of  the  valley  is 
much  drier  than  the 
eastern  side. 

In  view  of  the  im- 
portance of  the  soil- 
moisture  conditions  in 
e3q>laining  the  distri- 
bution of  the  different 
types  of  vegetation  in 

Tooele  Valley, it  is  in-      ^^'  9— Monthly distnbutioa of  predpitatioa at  Tooele.  UUh  (mean 

teresting  to  consider  for  15  yews). 

the  precipitation  of  the  period  immediately  prior  to  that  during  which 
the  field  work  was  carried  on.  The  precipitation  during  the  months 
from  October  to  May,  inclusive,  probably  furnishes  all  of  the  stored 
soil  moisture  available  for  the  growth  of  plants  during  the  following 
summer.  The  total  precipitation  at  Tooele  during  the  period  from 
October,  191 1,  to  May,  1912,  was  13.5  inches,  or  0.9  inch  above  the  normal 
(12.6  indies)  for  the  locality.  Hence,  it  may  be  assumed  that  at  least  the 
normal  quantity  of  moisture  was  present  in  the  soil  on  the  date  when 
field  operations  were  begim  in  the  valley  (May  28).  As  regards  the 
season  of  active  growth  in  1912,  the  precipitation  of  the  month  of  May 
was  about  0.5  inch  below  the  normal  for  Tooele,  while  that  of  June  was 
very  nearly  twice  the  normal.  For  the  remaining  summer  months  the 
precipitation  was  about  normal. 

1  Based  upon  15  yckn'  measurements  at  the  town  of  Tooele.    Prom  data  fumished  by  the  U.  S.  Weather 
Barcau.  thrauth  the  oouitesy  of  Mr.  A.  H.  Thiesaca.  Section  Director. 
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Tooele  VaDey  is  broadly  U-shaped  in  cross  section, 
either  side  rising  somewhat  abruptly  from  the  valley  IB 
change  from  valley  plain  to  mountain  is  characterist 
valleys  of  the  region  and  is  due  to  the  extensive  depo 
during  some  epoch  prior  to  the  Bonneville  period. 

Tooele  Valley  is  bounded  on  ,the  east  by  the  Oquir 
on  the  west  by  the  Stansbury  or  Aqui  Range.  The  s 
is  formed  by  a  spur  of  the  Stansbury  Range  and  by  t 
embankment,  which  is  composed  of  sand  and  water-w< 
up  by  the  waters  of  Lake  Bonneville  and  which  sepan 
from  Rush  Valley.  (The  Stockton  embankment  is  i 
backgrotmd  of  PI.  XLV,  fig.  3.)  The  summit  of 
coincides  with  the  highest  shore  line  on  the  adjacent  m 
north  the  valley  slopes  downward  to  the  southern  sh 
Lake.  The  axis  of  the  valley  thus  lies  approximatel 
south  line,  the  land  rising  gradually  from  near  the  centc 
ranges  on  the  east  and  west  sides.  The  width  of  To< 
northern  end  is  about  18  miles,  at  the  southern  end  it 
and  its  g^reatest  length  is  approximately  16  miles.  Th 
valley  floor  is,  roughly,  250  square  miles. 

The  slope  of  the  valley  from  the  sides  and  from  the 
line  marked  approximately  by  the  highway  from  S 
Grantsville  i3  decidedly  steep,  as  is  indicated  by  the  ft 
of  Tooele  has  an  elevation  above  sea  level  of  4,900  ft 
ville,  although  less  than  5  miles  farther  north,  is  680  fc 
of  this  line  the  slope  becomes  very  gentle  and  the  surfj 
of  the  valley  is  plainlike. 

SALINE  CONDITIONS  OF  TOOELE  VALl 

The  soils  of  Tooele  Valley  show  a  wide  range  in  salir 
more  familiar  term,  in  "alkali"  content.  The  soils  in 
the  valley  and  along  the  base  of  the  foothills  at  eithei 
large  alluvial  fan  northeast  of  the  town  of  Tooele,  are  < 
low  salt  content.  The  other  extreme  is  found  in  the 
the  lake,  which  in  some  cases  contain  such  an  excess  < 
to  prevent  the  development  of  a  plant  cover.  The  » 
central  portion  of  the  valley  are,  as  a  rule,  relatively 
the  surface  foot,  but  the  salinity  of  the  subsoil  is  u 
exclude  all  deep-rooted  plants  except  those  that  are 
marked  degree.  The  saline  material  in  solution  in  th< 
soils  of  the  fiats,  like  that  of  the  lake  itself,  is  made  up 
chlorid.  In  fact,  these  fiats  have  probably  not  infre< 
merged  by  the  rise  of  the  lake,  since  records  made  by 

*  The  elevation  of  the  surface  of  the  water  of  Great  Salt  Lake  is  alx 
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absence  of  carbonates,  the  higher  sodium,  and  the  lower  magnesit 
definite  variations  from  the  oceanic  standard;  but  the  general  similai 
of  type,  is  unmistakable.    *    *    * 

All  the  waters  tributary  to  Great  Salt  Lake,  so  far  as  they  have 
contain  notable  quantities  of  carbonates,  which  are  absent  from  the  la 
salts  have  evidently  been  precipitated  from  solution,  and  evidenc 
13  found  in  beds  of  oolitic  sand,  composed  mainly  of  calcium  carboi 
at  various  points  along  the  lake  shore.  .  The  strong  brine  of  the  lake  i 
pable  of  holding  calcitun.  carbonate  in  solution. 

The  analyses  as  given  in  Table  II  report  the  presence 
in  solution  in  the  lake  water  in  only  one  instance.^  It  is  : 
that  the  saline  matter  of  the  soils  more  distant  from  the  lal 
markedly  from  the  t)^  just  considered.  Calcium  c 
fotmd  widely  distributed  in  the  soils  of  the  valley.  Sodi 
was  often  found  also,  usually  in  small  amounts  (0.05  to 
of  the  dry  weight  of  the- soil),  but  occasionally  samples 
containing  as  high  as  0.25  per  cent.  Sodium  carbonate  w 
frequently  in  the  samples  collected  in  areas  where  Kochia 
These  soils  were  also  highly  calcareous.  The  available  dai 
tribution  of  sodium  carbonate  do  not,  however,  indicate 
correlated  with  the  presence  of  any  particular  plant  comn 

The  composition  of  the  salts  of  Great  Salt  Lake  woul 
expect  that  the  chlorids  would  prove  to  be  the  most  comm 
distributed  of  the  saline  constituents  of  the  Tooele  Valley  j 
has  been  found  to  be  the  case.  In  the  course  of  the  woi 
tive  examination  for  chlorids  was  made  of  162  samples  of  sc 
13  samples  showed  the  presence  of  measurable  quantitic 
Of  these  13  exceptions  12  were  samples  from  Artemisia  tr 
brush)  areas  which  are  characterized  by  a  very  low  total 
The  sodium-chlorid  content  of  the  areas  examined,  all  c 
occupied  by  vegetation  of  one  type  or  another,  ranged  f r 
the  land  occupied  by  Artemisia  to  over  2  per  cent  in  ! 
by  AUenrolfea  occidenialis.  Outside  of  the  sagebrush  ares 
chlorid  content  of  most  of  the  samples  fell  between  0.4  anc 
In  a  large  majority  of  the  samples  examined  sodium  chlor 
more  than  one-half  of  the  total  water-soluble  material. 

Sulphates  are  usually  present  in  the  soils  containing  an  ( 
Of  122  samples  examined  96  showed  the  presence  of  sul 
well  recognized  through  the  researches  of  Hilgard  and  ot 
dum  sulphate  is  a  corrective  for  the  soluble  ''black  alkali' 
bonate),  the  reaction  between  these  salts  resulting  in  the  foi 

>  p.  K.  Camenm  has  shown,  however,  that  while  the  lake  water  at  its  normal  coi 
1^  an  aOcaiine  reaction  with  phenolphthalein,  this  reaction  will  develop  simply  t 
water  with  distilled  water.  At  the  normal  concentration  of  the  lake,  the  dissodatio 
bonate  is  held  back  through  the  great  nnmber  fA  sodium  ions  resulting  from  the  dissoc 
chlorid.  The  lake  does,  therefore,  carry  a  slight  amount  of  sodium  carbonate.  (C 
Stewart,  John.  A  soU  survey  in  Salt  Lake  Valley,  Utah.  U.  S.  Dept.  Agr..  Div.  Soi 
Rpt.  64,  X899,  p.  XQ4-Z05.    1900.) 
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wilting  coefficient  in  much  the  greater  pa: 
association.  That  this  is  the  case  is  stroi 
most  samples  of  soil  collected  during  the 
very  little  or  no  moisture  above  the  wilt 
feet  (Table  IV). 

In  places  where  the  conditions  for  the  r 
of  alkali  salts  are  more  than  usually  fa^ 
channels,  in  depressions,  and  in  places  wt 
by  burrowing  animals — there  is  probably  £ 
of  the  roots  during  a  longer  period.  Art 
growing  under  natural  conditions  where  t 
face  of  the  soil. 


Vh^  4»'~ Artemisia  tridtnUUa  (sagebrush):  A,  Detail  showii 
wfaidi  this  plant  is  easily  recognized;  B,  a  small  plant  gn 
deflection  of  the  taproot  from  a  vertical  to  a  horizontal  dirt 

Optimum  soil-moisture  conditions  for  t 
iota  are  rarely  realized  in  Tooele  Valley. 
larger  size  and  more  vigorous  appearance 
sand  hills  and  along  irrigating  ditches. 
depth  reached  by  the  roots  is  only  from  i£ 
the  presence  of  a  hardpan  consisting  of  ( 
careous  material.  The  depth  at  which  th 
represents  the  limit  of  penetration  of  the 
most  of  the  roots  of  the  sagebrush  do  not 
lowness  of  the  moisture-holding  layer  oi 
absolute  quantity  of  moisture  available  fo 
in  the  thin  stand  and  in  the  small  size 
plants  (fig.  4).     The  eastern  part  of  the  \ 
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surface  soil  was  not  high  enough  t( 
growth  of  the  Artemisia. 

Summary  of  Physical  Coni 
Tooele  Valley  lead  to  the  conclusi 
growth  of  sagebrush  indicates  ( 
permeable  soil,  with  low  run-oflf 
low);  (2)  a  depth  of  soil  of  at 
stored  and  into  which  the  roots  < 
least  3  feet  of  soil  free  from  alka 
ordinary  crop  plants. 

Adaptations  to  n 

The  herbaceous  species  of  the  ; 
part  shallow  rooted,  and,  hence,  a 
upper  soil.  The  great  majority 
spring  and  early  summer  that  th< 
ment  and  ripen  seed  before  the  w: 
the  soil  has  been  exhausted  to  the 
they  die,  at  least  to  the  ground.^ 
plants  except  sagebrush  are  visibli 

The  dominant  species,  Artemi 
continue  growth  during  a  longer 
Plate  XLIV,  figure  2,  it  possesses 
a  highly  developed  system  of  latei 
penetrating  taproot.  The  formei 
the  moisture  which  penetrates  on 
and  for  which  in  spring  and  early 
the  numerous  associated  annual  a 
taproot  the  plant  can  also  avail 
depths*  in  the  readily  permeab 
association. 

The  great  development  of  super 
so  long  as  abundant  moisture  is  pi 
penetration  of  the  taproot  permii 
slower  rate  long  after  most  of  the 
have  withered  away.  In  typical  i 
sented  in  Tooele  Valley  (PI.  XL 
probably  exhausted  before  the  en 

^  Iticy  arefor  the  most  port  "drought  escaping" 
and  Shaotz,  H.  L.,  The  water  economy  ol  dry-L 

>See  Camion,  W.  A..  The  Root  Habits  of  De: 
Washlnctoa,  Pub.  xjz.) 

*  Plate  XX«IV,  figure  a,  reproduced  from  a  phot 
taproot  tdArUMisia  tridtniata  extending  vertically 
plant  under  optimum  conditions  was  not  studied 
area  there  occux»ed  by  this  association  the  roots  rea 
plants  are  doubtless  those  which  grow  on  the  sand 
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ground  among  the  blackened  stumps,  i 
likely  to  become  the  dominant  plant  on 
XLV,  fig.  I.)  This,  in  turn,  is  followed  ] 
ally  reestablishes  itself. 

In  sagebrush  land  which  has  been  plo\ 
doned,  the  removal  of  the  shrubs  favors  tb 
and  biennial  weeds,  such  as  Bromus  tecU 
rium),  pigweeds  (species  of  Amaranthus), 
wild  tomato  (Solanum  triftorum),  vervai 
time  goes  on,  Gufierrezia  sarothrae,  a  i 
flowered  composite,  often  becomes  est 
for  a  period  which  is  short  or  long  aca 
more  or  less  favorable  for  the  reestablishi 
or  later  the  Artemisia  reappears  (PI.  X 
some  other  disturbing  factor  intervene 
reconquered  by  the  original  association. 

The  succession  after  either  fire  or  brej 

misia  following  immediately  after  the  a: 

intervention  of  Gutierrezia.     As  a  rule, 

prises  (i)  a  growth  of  annual  and  bienn 

perennial  Gutierrezia,  and   (3)   the  reti 

vegetation. 

.   Grazing  does  not  materially  alter  the 

diminishing  the  numbers  of  many  of  the 

iridentata  itself  is  rarely  eaten  and  is,  in  i 

the  plants  which  compete  with  it  for 

removed. 

Variations  prom  ths  Typh 

Sagebrush  with  Kochia  and  with  Sh 
•  of  the  main  area  occupied  by  sagebrush  i 
tact  with  the  Kochia  and  shadscale  associi 
of  the  three  associations  often  grow  togeth 
plants  of  Artemisia  which  push  out  f arth< 
other  associations  are  confined  to  drain 
the  vicinity  of  animal  burrows.  In  svn 
soil  moisture  are  more  favorable  and  1 
rain  water  has  leached  the  salts  into  lowei 
the  case  in  Kochia  and  shadscale  land.  ] 
associations  scattered,  small,  and  sickl] 
mingle  directly  with  Kochia  or  with  shadi 

Borings  made  where  Artemisia  tridental 
ade  by  side  invariably  showed  the  pres 
at  the  deepest,  in  the  third  foot  of  the  sol 
roots  are  unable  to  penetrate  this  saline 
of  water  available  for  the  growth  of  this  \ 
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toward  the  head  of  the  valley.  (PI.  Xl 
between  the  areas  occupied  by  the  Kod 
dations  are  usually  very  sharply  defined, 
in  salt  content  of  the  soil,  as  is  well  exem] 
which  were  made  on  either  side  of  the  line  c 
figure  I.  The  location  of  the  boring  ii 
marked  by  the  position  of  the  soil  tube  s 
two  borings  were  only  20  feet  apart.    The 

TablS  Will.— Salt  content  {in  percentages  of  the  < 
a  line  of  contact  between  the  sagebrush 


Depth  (feet). 

Sacebrush. 

I 
2 

0.03 
•03 

On  the  other  hand,  the  boundaries  betv 
associations  are  usually  indefinite. 

Kochia  vesiiia,  sometimes  locally  knowi 
dominant  species  of  the  Kochia  associatio: 
of  the  shadscale  and  greasewood-shadsc 
shore  of  Great  Salt  Lake  with  the  latter  2 
of  the  plants  as  compared  with  those  oi 
makes  Kochia  an  inconspicuous  member  < 

In  typical  portions  of  this  association  h 
species  of  flowering  plant,  except  that  a/v 
oS  the  land,  a  small  grass,  Poa  sandbergii, 
species  occur,  and  these  are  seldom  repress 
The  following  list  includes  all  species  of  flo 
as  occurring  in  typical  areas  of  the  Kochi 

Botanical  Compo 

Kochia  vestita  (Wats.)  A.  Neb.  Spha 

Poa  sandbergii  Yasey  Oput 

Erodium  cicutarium  LUer.  Gutie 

Lepidium  sp. 

Afpsaranch 

The  Kochia  association  is  the  most  unii 
of  vegetation  occurring  in  this  valley  (PI. '. 
i-species  association.  The  height  of  the 
large  areas  and  usually  does  not  exceed 
growth  and  the  hairiness  of  the  plants  (see 
an  area  of  Kochia  presents  at  a  little  dist 
aooe  of  a  gray  blanket.  Even  at  a  dista 
a4395*'— »4 ^3 
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of  the  soil  contained  about  0.15  per  cc 
0.36  per  cent,  and  the  second  foot  1.2  j 
below  the  depth  of  12  inches.  A  possi 
stances  would  be  that  in  some  past  pei 
fall  the  salt  had  been  washed  down  to  a 
the  growth  of  the  roots  had  kept  pace, 
movement  of  the  salts  would  have  rest 
roots. 

The  total  quantity  of  water  availabl 
probably  less  than  in  any  other  type  of 
tity  of  organic  matter  produced  is  als 
often  remain  alive  throughout  the  great 
quantity  of  water  transpired  is  necessari 

Poa  sandbergii,  the  only  other  abtmd 
a  shallow-rooted  grass,  which  ripens  its 
early  in  the  summer.  It  is  clearly  dep 
able  in  the  surface  soil. 

Effects  of  Disturbing  Fa« 

Where  Kochia  land  has  been  plowed 
original  vegetation  and  subsequently  ha 
Hshment  of  the  Kochia  probably  takes 
"breaking"  has  been  less  thorough  and  i 
the  leestablishment  of  the  Kochia  proce< 
ing  stage  of  annual  weeds  or  of  Gutie 
vegetation  has  been  removed  from  sage 
follow  after  breaking  on  Kochia  land. 

Grazing  is  general  in  Tooele  Valley,  ^ 
Kochia  land  is  especially  suitable  for  ] 
and  free  from  spiny  shrubs.  The  Koch 
not  much  injured  by  grazing,  but  the  '< 
is  eaten  to  the  ground  and  is  often  almo 

Variations  from  the  Typ 

Kochia  with  Sagebrush. — As  was 
tridetUaia  penetrates  Kochia  areas  along 
places  where  the  soil-moisture  conditio 
salt  content  smaller  than  in  typical  Koc 
sagebrush,  the  plants  of  Kochia  are  mu< 
where  this  plant  occurs  in  the  pure  asso< 

Kochia  with  Shadscale. — On  the 
plants  of  shadscale  appear,  scatteringly ; 
until  finally  the  two  species  are  found  m 
equal  proportions  over  large  areas.     The 
plant,  is  alone  visible  at  a  short  distan 
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recumbent,  twisted  branches,  while  the  bare  ground  between  is  subject 
to  blowing. 

The  prevailing  color  is  a  dull  gra3dsh  brown,  turning  to  reddish  brown 
in  autumn.  Plants  growing  in  depressions,  where  the  moisture  condi- 
tions are  exceptionally  favorable,  have  a  bluish  hue.  Viewed  from  a 
short  distance  the  association  gives  the  impression  of  extreme  monotony 
and  lif  elessness. 

The  distribution  of  the  plants  is  indicated  in  figure  8,  which  repre- 
sents a  quadrat   lo  meters  square,  in  a  typical  portion  of  this  asso- 

dation.     Where    the     , 
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conditions  are  most 
favorable,  the  plants 
have  a  fairly  vigorous 
appearance  and  cover 
somewhat  more  than 
half  the  ground,  the 
stand  being  frequently 
more  dense  than  is 
usually  the  case  in  the 
sagebrush  association. 
In  much  the  greater 
part  of  the  area,  how- 
ever, the  proportion 
of  bare  ground  is 
greater  and  the  plants 
seem  to  be  having  a 
hard  struggle  to  main- 
tain life,  many  of  their 
branches  being  dead 
ordying.  (Pl.XLVII, 
i%.  I .)  No  other  vege- 
tation in  this  valley 
gives  the  impression  of 
being  so  nearly  con- 
quered by  the  environment.  Even  the  few  species  which  grow  on  the 
salt  flats  have  the  appearance  of  finding  their  habitat  more  congenial. 

The  associated  species  contribute  scarcely  at  all  to  the  general  appear- 
ance of  the  association.  Annuals  are  of  very  minor  importance.  The 
small  shrubs  of  the  family  Compositse  which  occur  here  and  there  are 
too  few  in  number  of  individuals  and  are  too  much  like  the  shadscale  in 
habit  of  growth  and  dullness  of  color  to  influence  materially  the  aspect 
of  the  vegetation.  Kochia  vesHta  is  associated  with  the  shadscale  in 
extensive  areas  where  the  vegetation  appears  otherwise  typical  of  the 
present  association.  The  much  smaller  size  of  the  Kochia  plants  makes 
them  incon^cuous. 


Pio.  8.'A  representative  lo-meter  quadrat  of  the  shadtcale  aasodation, 
showinf  the  location  of  each  individual  plant  of  AtripUx  amfyrtifolta 
{A),  the  only  woody  species  present,  and  of  Opuntki  sp.  (O).  The 
figures  show  the  number  of  main  stems  and»  hence,  indicate  the  size 
of  the  plant.  A  drde  around  the  letter  indicates  that  the  plant  is 
dead.  Seedlings  of  Atriplex  are  indicated  by  the  small  a.  The  an- 
nual grass  Bfomus  (not  indicated  on  the  quadrat)  was  very  abun- 
dant around  the  Atriplex  bushes. 
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taproot,  its  root  system  being,  therefo 
Kochia  vestita. 

The  roots  of  shadscale,  although  by 
Artemisia  trideniata,  doubtless  as  a  ru 
from  a  greater  depth  of  soil  than  do  th 
help  to  explain  the  fact  that,  notwithst 
ditions  for  penetration  of  water,  the  de£ 
moisture  available  for  growth  in  the  si 
normally  greater  in  shadscale  than  in  Kc 

The  moribund  appearance  in  191 2  of 
the  area  covered  by  this  association  in  ' 
dusion  that  in  years  of  not  more  tha^ 
supply  is  inadequate.  Thus,  in  191 2  th 
had  been  exhausted  to  a  depth  of  4  fee 
«hed  their  leaves  before  the  end  of  June 
thickness  of  stand  in  this  association,  th< 
obtain  sufficient  water  to  maintain  life  i] 
branches  are  in  active  competition  and 
alive  only  by  sacrificing  some  of  its  mem 
branches  in  almost  every  plant  which 
reduces  by  so  much  the  transpiring  surfa 
economy  of  the  scanty  moisture  availa 
even  greater  degree  than  Artemisia  tride 
of  remaining  during  a  great  part  of  the  ; 
tion,  while  retaining  some  of  its  foliage. 

Efpscts  of  Disturbing  Fa( 

The  exact  stages  in  the  revegetation  0 
original  plant  cover  has  been  removed  b 
be  worked  out.  There  is  evidence,  ho\ 
forms  an  important  stage  in  these  success 
ter  of  Tooele  Valley  is  covered  with  an  a 
yellow-flowered  plant  of  the  Composit^e. 
probably  once  occupied  by  sagebrush,  tl 
midst  of  the  shadscale  belt  and  has  a  strc 

*  Nevertheless,  the  Atriplex  roots  do  not  develop  well  ii 
where  the  first  foot  of  the  soil  ooatained  o.i  and  the  second 
bdow  the  depth  of  xa  inches. 

*This  phnt  shows  marked  adaptability  to  yarying  soil 
whidi  were  presumably  covered  originally  with  shadsrai 
small  and  have  a  superficial  root  system,  while  in  nonsal 
original  vegetation,  the  stand  is  denser,  the  plants  are  large 
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PERENNIAL  SPBaBS 


Elytnus  coruUnsatus  Presl 
Poa  sp.  (P.  sandbergii  Vasey?). 
SiiatUon  nunus  Smith 
AtripUx  cof^erfifoUa  (Torr.)  Wats. 
Atrip Ux  nuttalUi  Wats. 
Kockia  vesHta  (Wats.)  A.  Nels. 


Sarcobaius  vermiculatus  (Hook.)  T< 
Suaeda  moquitUi  (Torr.)  A.  Nels. 
Suaeda  intermedia  Wats. 
Lappula  occidentalis  (Wats.)  Greei 
GuHerrezia  sarotkrae  (Pursh)  B.  an< 
Teiradymia  nuttalUi  T.  and  O. 


ANNUAL  AND  BI8NNIAL  SPBaSS 

Bromus  teetotum  L.  i  Sophia  pinnata  (Walt.)  Howell 

Erysimum  aspenimum  (Greene)  Rydb.       |  Machaeranihera  canescens  (Nutt.)  C 

The  local  distribution  of  most  of  these  plants  varies  greatly  wit! 

area  occupied  by  the  association,  probably  because  of  the  great  dii 

in  the  depth  to  permanent  moisture  and  at  which  the  subsoil  be 

strongly  saline. 

Appbarancb 

This  t)^  of  vegetation  is  less  monotonous  in  its  appearance  th 
sagebrush,  Kochia,  and  shadscale  associations,  owing  to  the 
contrast  in  color  and  usually  in  size  between  the  two  dominant  s 
(PL  XLVII,  fig.  2.)  Greasewood  has  a  bright-green  color,  chang 
yellowish  later  in  the  season,  and  appears  dark  when  photogi 
against  the  sun.  Shadscale,  on  the  other  hand,  has  a  dull  brownisl 
hue.  The  former  plant  often  reaches  a  height  of  4  or  5  feet,  wh 
latter  seldom  exceeds  2  feet. « 

At  the  highest  elevations  occupied  by  this  association  there  is  sui 
moisture  for  the  growth  of  greasewood  only  along  drainage  ch£ 
and  the  general  surface  of  the  land  is  covered  with  pure  sha< 
Somewhat  farther  toward  Great  Salt  Lake  plants  of  greasewo< 
scattered  among  the  shadscale,  although  much  less  numerous  thi 
latter.  Finally  near  the  borders  of  the  grass  flats  and  on  the  ridg 
hillocks  which  intersect  the  salt  flats  the  two  species  grow  side  fa 
on  more  or  less  equal  terms,  and  their  colors  blend  when  the  vegc 
is  viewed  from  a  short  distance. 

Physical  CoNDmoNS  Indicated 

The  soil  moisture  and  salinity  conditions,  which  characterize  t 
portions  of  the  land  occupied  by  this  association,  are  indicated  1 
data  in  Table  XIL  Comparison  with  Table  X  will  bring  out  the  diffe 
between  this  environment  and  that  of  the  pure  shadscale  associat 
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ADAPTAnONS  TO  THB  PHYSICAL 

The  two  dominant  species  have  somewhat 
and  the  land  occupied  by  this  association  o 
ditions  which  permits  them  to  grow  side  by 
an  ample  and  permanent  supply  of  moistur 
and  its  strong,  deeply  penetrating  taproot  ( 
moisture  in  places  where  the  surface  soil  is  dry 
is  at  a  considerable  depth.  This  plant  can  li 
the  surface,  although  under  such  condition 
large  and  vigorous  as  where  a  higher  eleva 
texture  a£Ford  better  drainage.  Shadscale,  c 
thrive  with  its  roots  in  wet  soil,  and  its  pr 
indication  that  at  least  the  surface  foot  is  dr 
the  summer. 

Greasewood  (Sarcobatus  vermiculatus)  gro\ 
habitats  than  any  other  flowering  plant  of  1 
fotmd  in  one  place  or  another  in  company 
of  all  of  the  leading  associations.  In  much  t 
in  the  valley  greasewood  is  associated  with  shs 
tions  to  this  rule.  The  largest  and  thriftiest 
grew  on  the  summits  of  dunes  of  pure  sane 
juniper,  Eriocoma,  Abronia,  Eriogonum,  Psc 
istic  plants  of  the  sand-hill  mixed  association, 
this  community.  At  the  other  extreme  grea 
with  Allenrolfea  in  land  which  is  too  wet  ai 
shadscale.  The  widely  different  conditions  i 
are  indicated  by  the  data  in  Table  XIII. 

Tabids  XIII. — Moisture  equivalent   and  salt   conteti 
vermiculatus  occurred — on  the  sand  hills  a\ 


Depth 
(feet). 

Moisture  equivalent. 

On  sand 
hills. 

With 
AUenrolfea. 

On! 
hi 

z 
3 
3 

4 

6.2 
6.8 
6.1 
7-0 

31. 0 
37.3 
a?.  7 
as- 9 

^  All  data  in  percentages  of  the  dry  wdi 

The  growth  of  greasewood  on  the  sand  hill 
plant  is  not  an  infallible  alkali  indicator,  althc 
cases  its  occurrence  is  associated  with  an  exce 
its  ability  to  endure  the  presence  of  alkali  i 

*  The  Individtial  alongside  the  boring  made  in  the  sand  hiUs 
•cross,  and  had  several  stems  which  were  from  z  to  3  inches  in  dial 
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flowering  plants.^  A  condition  which  is  almost  always  ( 
presence  of  greasewood  is  a  permanent  supply  of  mois 
growth  within  the  depth  of  soil  penetrated  by  its  roots. 

GRASS-FI^AT  COMMUNITIES' 

Topographical  Relations 

The  grass-flat  of  vegetation  occurs  in  an  interrupt 
PI.  XLII),  which  crosses  the  northern  part  of  th 
between  the  area  occupied  by  the  main  body  of  the  gre; 
association  and  the  salt  flats.  It  covers  a  gently  slop 
expanse  and  appears  to  be  lower  in  elevation  than  som( 
hillocks  situated  between  it  and  the  shore  of  the  lake, 
somewhat  analogous  to  a  coastal  lagoon  and  may  hi 
origin.  It  is  characterized  during  the  greater  part  of  1 
moist  condition  of  the  soil,  due  probably  in  part  to  se 

Appearance  and  Botanical  CoMPosmoi 

The  vegetation  of  the  grass  flats  shows  consii 
Several  plant  communities  can  be  distinguished,  althou 
are  rarely  very  sharp.  The  two  most  important  of  thes< 
by  the  dominance  of  (i)  tussock  grass,  or  purple  top  {S\ 
and  rabbit  brush  (Chrysoihamnus  gravedens  glabraia), 
{Distichlis  spicaia).  The  rabbit  brush  is  also  frequent 
greasewood  (Sarcobaius  vermiciUatus),  especially  alon; 
between  greasewood-shadscale  areas  and  the  grass  fla 
part  the  vegetation  of  the  grass  flats  is  distinctly  halopi 
but  in  limited  areas  around  springs  and  flowing  wells 
of  an  ordinary  nonsaline  meadow. 

A  list  of  the  species  which  were  noted  as  compos 
vegetation  follows : 

PERENNIAL  SPECIES 


Triglockin  mariUma  L. 

Triglochin  palustris  L. 

DisiichUs  spicaia  (L.)  Greene 

Poa  nevadensis  Scribner 

PuccinelUa  airoides  (Nutt.)  Wats. 

Spartina  gracilis  Trin. 

Sporoholus  airoides  Torr. 

Juncus  baliicus  Willd. 

Iris  sp.  (probably  /.  missouriensis  Nutt.). 


Halerpesies  cymhalat 
Dodecatheon  sp. 
GUjux  mariUma  L. . 
Aster  pauciflorus  Nu 
Chrysoihamnus  gravi 

A.  Nels. 
Crepis  glauca  (Nutt. 
Iva  axillaris  Pursh 


>  At  Gmnd  Jonctioii,  Colo.,  young  seedJinss  of  greasewood  were  found  growia 
of  a  indies,  which  was  about  the  limit  to  which  their  roots  had  penetrated,  gav 
ohms,  indicating  the  presence  of  at  least  a.5  per  cent  of  salts. 

*  The  ecological  statusof  the  vegetation  of  the  grass  flats  can  not  be  determined 
in  the  Great  Basin  region  shall  have  been  made.  For  the  present,  therefore,  it 
general  term  "community  "  in  referring  to  these  types. 
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Table  XIV. — Sporobolus-Ckrysothamnus  community:  Salt  c 
conditions  of  the  soil  in  typical  areas .^ 


Depth 
of»il 

(feet). 

Date  of  collection. 

Item. 

June 

4- 

July 

a9. 

August  a6 

No.  of  sample 

z8SC. 

xooC. 

S. 

S. 

S. 

sc. 

sr 

Salt  oontent 

f         I 

caa 
.46 
•S3 
.a6 
.14 

34- 0 
a9.x 
34-3 
a6.4 
31.6 

III 
14. 3 
17.  X 

-0.8 
+4.4 
+5.8 
+9.8 
+6.X 

•45 
.58 
•30 

0.85 
.40 
.ao 
.ao 

0-4S 
.40 
.ao 

0-3S 
.60 

•SO 

cao 
•as 
.  ao 
•15 

o.a( 

•3J 
•3< 

39.5 
35-3 
46.6 
36.7 

Ifoisture  cqnhralent I         * 

X 



x6.o 
X9-« 
85-3 
19.9 

Wiltiag  ooefiBcient 

+  4-5 
+  XI.4 
+as.6 
+  X4.3 

or  below  wilting  co- 

effidfflt 

>  An  data  in  this  table  aie  stated  in  percentages  of  the  dry  weight  of  the  s< 
with  a  pins  sign  (+)  represent  moisture  available  for  growth  (above  the  wilt 
with  a  minus  sign  ( — )  represent  a  corresponding  deficit  of  available  moisture  (b 

The  utmumbered  borings  were  made  on  Aug.  a6,  19x3,  and  the  letters  indie 
was  dominated  by  Spon»olus  without  Chrysothamnus  (S),  Sporobolus  wit 
Chiysothanmus  without  Sporobolus  (C). 

Salt-Grass  (Distecbus)  Community 

Distichlis  spicata,  well  known  as  salt  grass  throu 
United  States,  is  a  low-growing,  harsh-leaved  grass 
creeping  rootstocks.  It  tends  to  form  a  heavy  sod,  e 
land  is  grazed,  and  under  such  conditions  this  plant 
adding  humus  to  the  soil. 

Salt  grass  is  more  or  less  abundant  in  all  parts  of 
also  penetrates  the  salt  flats  (PI.  XLVII,  fig.  3),  whei 
associates  scatteringly  with  Allenrolfea  and  in  other  ] 
mats.  In  the  wetter  portions  of  the  grass  flats  salt  gr 
component  of  a  meadowlike  vegetation,  with  Junct 
erecta,  Puccinellia  airoides,  and  Glaux  maritima  as  in 
and  with  numerous  other  species  occasionally  present. 

The  conditions  as  regards  soil  moisture  and  salinit; 
this  community  (xx:urs  are  stated  in  Table  XV. 
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The  vegetation  of  the  flats  and  depressions  comprises 
nities,  each  characterized  by  the  presence  of  a  single  spec 
occidentalism  Salicomia  utahensis,  and  5.  rvbra.  The  first 
far  the  most  abtmdant  and  widely  distributed.  Thes 
appear  to  be  the  most  salt  resistant  of  the  flowering  plant 
taking  possession  of  the  land  left  bare  by  the  recession 
soon  as  its  salt  content  has  been  reduced  sufficiently  £r< 
saturation  with  the  excessively  saline  lake  water  Co  permi 
any  flowering  plant. 


Fic.  X  I. — AlUnrclfea  occidenla/is:  A ,  Detail  of  a  fruitine  branch,  showing  the  cylindi 
leaHess  stems;  B,  a  plant  showing  the  large  taproot  and  rather  scanty  lateral  roo 
species. 

Al«LBNROLPBA  CoMMUNtrV' 

Appearance  and  Botanicai,  CoMPOsrriON. — ^The  do 
AUenrolfea  occidentalism  is  a  shrubby  plant  with  numer 
jointed,  fleshy,  practically  leafless  branches  and  a  large  t 
In  Tooele  Valley  it  rarely  exceeds  a  height  of  2  feet, 
siderable  variation  in  the  habitat  of  this  plant,  but  it 
characteristically  on  low  hummocks  on  the  salt  flats  (PI. 
and  near  the  bases  of  the  higher  ridges,  usually  prefe 
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Several  of  these  samples — e.  g.,  Nos.  76  an( 
where  Allenrolfea  grew  in  company  with  Sar< 
content  and  moisture  content  of  the  soil  wen 
Allenrolfea  community.  It  is  dear,  neverth 
this  plant  is  an  almost  invariable  indicator 
moisture  available  for  growth,  at  least  below  t 
the  summer;  and  (2)  is  excessively  saline  to  c 

Saucornia  Utahbnsis  Com: 

Afpharasch  and  Botanicai.  Composite 
(PI.  XLVIII,  fig.  2)  is  a  nearly  leafless  plant 
It  resembles  small  plants  of  Allenrolfea,  but 
the  light  blue-green  color  and  by  the  fact  that 
while  in  Allenrolfea  they  are  alternate.  It  spr 
and  forms  pure  colonies  of  greater  or  less  size 
bottoms  of  depressions  (see  right  end  of  PI 
occupy  hummocks  elevated  but  a  few  inches  a 
the  flats.  In  this  case  the  appearance  is  muc 
mocks  (PI.  XLVIII,  fig.  i),  except  that  the 
plants  are  larger  and  darker  colored.  This 
association  with  Allenrolfea  and  with  Distichl 

Physicai^  Conditions  Indicated. — No  del 
the  moisture  equivalent  and  moisture  cont< 
community  occurs,  but  two  borings  carried  to 
inches,  respectively,  showed  that  abimdant  mc 
out  that  depth,  as  would  be  expected  from 
land  above  the  water  surface  of  the  lake.  Tl 
depths  of  the  soil  from  the  borings  in  questioi 

TablS  XVII.— Sa/4  content  of  soil  in  theSalico 


Depth  of 
•oiL 

Salt  content 

Sample  No.  z. 

SaxE 

Inches. 
oto    6 
7  to  la 
oto  12 
13  to  18 
18  to  30 

Per  cent. 
a.  ao 
>2.5o 

f 

>2.  50 
a.  ao 

Saucornia  Rubra  Commi 

This  small,  shallow-rooted  annual  species  < 
abundantly  in  pure  commtmities  along  drainaj 
The  patches  of  Salicornia  rubra  are  very  consi 

>  This  spedes  was  recently  described  from  specimens  collected  1 
Ivtr  TSdestrom.    (A  new  SaUcomia.    Proc.  Biol.  Soc.  Wash.,  v. 
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d  color  then  assumed  by  the  plants.    Scattered 
:nes  were  also  observed  far  out  on  the  otherwise 


EEN  THE  TYPES  OF  VEGETATION  AND  THE 
I  AND  PRODUCTIVITY  OF  THE  LAND 

TIONS  WITH  PHy^SICAL  CONDITIONS 

an  of  Tooele  Valley  consists  of  a  few  easily  recpg- 
ies,  the  distribution  of  which  is  largely  determined 
>ns  and  the  salt  content  of  the  soil.  The  areas 
imunity  are  rather  sharply  delimited,  although 


haracteristic  root  development  of  the  dommant  species  of  each  of  the 
Tooele  Valley,  and  indicating  the  average  conditions  of  soil  moistui«  and 
pes  of  land.  The  double  hatching  indicates  soil  containing  an  excessive 
)tT  cent)  and  containing  moisture  available  for  growth  (above  the  wilting 
The  single  hatching  indicates  soil  containing  more  than  0.5  per  cent  of 
for  growth  during  the  summer.  No  hatdiing  indicates  soil  cootaining 
ad  no  moisture  available  for  growth  during  the  summer.  A,  Arttmitia 
A  triplex  confertifolia;  D,  Sarcobaius  vtrmiculaius;  E»  AUtnrolfta  ocddm- 
,  Disticklis  sPicata. 

where  the  soils  are  of  an  intermediate  character, 
or  less  mixed.  Where,  as  a  resuU  of  the  removal 
m  by  fire  or  by  the  plow,  secondary  plant  commu- 
the  correlations  between  the  vegetation  and  the 
the  underlying  soils  are  not  always  well  marked, 
ions,  which  have  been  sufficiently  discussed  on 
portant  variations  in  the  character  of  the  soil  are 
le  appearance  and  botanical  composition  of  the 
er  words,  the  principal  types  of  vegetation,  where 
e  reliable  indicators  of  the  ph3rsical  conditions  of 
se  correlations  are  stated  in  Table  XVIII,  which 
silly  represented  in  figure  13. 
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Tabl9  XVIII.-— Principal  types  of  vegetation  of  Tooel 
moisture  and  salinity  condi 


Plant  oomiiraiiity. 

Moisture  and  salini 

Source  of  moisture. 

Surface  foot 

Direct  precipitation .  . 

Nonsaline, 
dry  in  sui 

Sand-h  ill 

do 

do 

mixed. 

ShadflCflle .... 

do 

do 

Kochia 

do 

do...    . 

Greasewood- 

Direct    precipitation 
and     nigh     water 
table. 

Saline  or  no 
usually 
summer. 

Grass  flat 

Direct  precipitation, 
high    water   table, 
springs  and  irriga- 
tion. 

Moderately 
moist. 

Salt  flat 

Direct    precipitation 
and     high     water 
table. 

Saline,  moij 

1  The  term' ' dry  "  as  here  applied  to  the  soil  indicates  that  its  tvat 
The  term ' '  moist ' '  impUes  that  moisture  available  for  plant  growth 

The  average  conditions  as  respects  moisti 
which  characterize  the  land  occupied  by  e£ 
types  of  vegetation  are  stated  in  Table  XIX. 
samples  upon  which  these  averages  are  basec 
respective  associations  (Tables  IV,  IX,  X,  1 
typical  areas  of  each  plant  commtmity  have 
computing  the  averages. 

Tablb  XIX. — Moisture  conditions  and  salt  content  Oj 
by  the  principal  plant  comtn 


Plant  con 

Soil  depth  (feet). 

Sagebrush 
(Artemisia 
trideniata). 

Kochia 
(Kockia 
vesUia), 

Shadscale 

{AtripUx 

conferttfoUa). 

MoisTURB  Equival 

I 

14.2 
15.6 
16.  5 
15.8 

25.8 
27.0 

33-5 
31.9 

22.9 
31- 0 

34.5 
30.6 

2 

7 

4 

>  All  data  are  given  as  i>e7centages  of  the  dn 
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TablS  XIK.— Moisture  conditions  and  salt  content  of  the  soil  in  typical  areas  occu^ 

Plsttt  J^tMHimiwi^y 

Soil  depth  (feet). 

Sagebrush 
iArUmisia 
tridtnUUa). 

KocfaiA 
iKodda 

ShMbcaie 
eomftrWdtia). 

Gmsewood* 
ahedsotle 

(SeroobatuB 

ondAtri- 

Plex). 

Grueflat. 

Salt  flit. 

SaltfTus 
iDisAckUs 
spicmU). 

AtUmciU* 
ocddmikUs. 

Wilting  Cobfficisnt. 


7.7 

14.0 

12.4 

13. 1 

18.  s 

8.S 

14.7 

16.8 

14.4 

17-3 

8.9 

18.2 

18.7 

14.2 

18. 1 

8.6 

17.3 

16.6 

14.6 

26.7 

I4.S 

ia.7 
II.  8 
16^5 


Moisture  Contbnt  above  or  below  Wilting  CosFFiaENT. 


I 

2 

-1-3 
+1.0 

"5-1 
-1.8 

-2.5 

-2.4 

-5.6 

-5- a 
-S-o 

-5-5 

-2.4 
+3.6 
+5.7 
+5.3 

+  9.6 
+13.5 
+11.  4 
+13.8 

+6.1 

■a 

+4.7 

4 

+3-7 

Average... 

-.8 

-3.0 

-5-3 

+3.0 

+12.  I 

+4.2 

Salt  Content. 


I 

0.03 
.03 
.05 
.07 

a  12 

•55 
1.02 

I.  IZ 

0.07 

.78 
.93 

0.34 

.72 

1.03 

1. 15 

1.07 

La6 

2 

I.  II 

■a 

1. 13 

A 

.94 

Average 

.04 

.70 

.52 

.81 

.86 

i.n 

CORRELATIONS  WITH  CROP  PRODUCTION. 

The  capabilities  of  the  principal  types  of  land  in  Tooele  Valley  for  crop 
production  with  or  without  irrigation  are  summarized  in  Table  XX. 

Table  XX. — Crop-producing  capabilities  of  the  land  as  indicated  by  a  normal  growth  of 
the  different  types  of  vegetation. 


Is  land  cepeble  of  crop  productioo? 

Type  of  vegeUtion. 

Without  inigatioo. 

Withinigatioo. 

Sagebrush 

Yes 

Yes. 

Kochia 

Precariously  in  years  of 
rainfall  above  the  nor- 
mal. 

Precariously;    conditions 
rather   more   favorable 
than  on  Kochia  land. 

No 

Yes;  if  alkali  can  be  re- 

Shadscale  

moved. 
Yes;    after    alkali   is  **' 

Greasewood-shadscale 

moved. 
Yes;    after   alkali  is  ^ 

Grass  flats 

Probably  not 

moved. 
Possibly,  with  drainage- 
No. 

Salt  flats 

No 
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Sagebrush  Land. — This  is  the  only  t)T)e  in  Tooele  Valley  whi( 
well  adapted  to  dry  farming.  Practically  all  of  the  area  devote 
wheat  in  this  valley  was  doubtless  originally  occupied  by  the  sageb 
assodation.  Most  of  this  area  is  situated  on  the  eastern  side  of 
valley,  where  the  rainfall  is  heavier  than  on  the  western  side, 
the  presence  of  sagebrush  does  not  necessarily  indicate  good  condit 
for  dry  farming.  Where  the  stand  is  thm  and  the  plants  are  small 
unthrtfty,  the  depth  of  good  soil  is  too  slight  for  profitable  crop 
duction  without  irrigation.  Sagebrush  vegetation  of  this  character  : 
cates  the  presence  of  gravelly  hardpan,  or  else  of  an  excessive  quai 
of  alkali  salts,  at  a  depth  of  only  2  or  3  feet. 

A  good  growth  of  sagebrush  also  indicates  the  best  land  for  fan 
under  irrigation.  Because  of  the  low  water  table  and  the  absenc 
alkali  salts,  such  land  is  not  likely  to  require  artificial  drainage. 

KocHiA  Land. — Dry  farming  is  sometimes  attempted  on  Kochia  1 
rye  being  the  crop  which  is  usually  grown.  The  yields  obtained  are 
small,  at  least  in  years  of  only  normal  rainfall,  the  depth  of  good 
being  narrowly  limited  by  the  strongly  saline  subsoil.  Whether  Kc 
land  is  suitable  for  irrigation  farming  is  somewhat  doubtful,  since 
rather  impervious  character  of  the  soil  might  make  it  difficult  to  1 
the  salts  to  a  sufficient  depth  to  insure  profitable  crop  production. 

Shadscale  Land. — Dry  farming  is  precarious  on  this  type  of  1 
On  the  other  hand,  it  seems  probable  that  most  of  the  shadscale  lax 
Tooele  Valley  would  produce  crops  under  irrigation,  if  water  for 
purpose  were  available,  since  as  compared  with  Kochia  land  the  s( 
more  permeable  and  there  is  greater  likelihood  that  the  salts  coul 
leached  out  of  the  subsoil. 

GrEasewood-Shadscale  Land. — One  or  two  attempts  at  crop 
duction  without  irrigation  on  this  type  of  land  were  observed,  but 
results  seemed  to  be  no  better  than  on  Kochia  and  on  shadscale  1 
The  reason  doubtless  is  that  while  the  moisture  conditions  are  i 
favorable  than  on  the  latter  types  the  salt  content  of  the  soil  at  01 
slight  depth  is  too  high  to  permit  crop  plants  to  make  a  satisfac 
root  development. 

On  the  other  hand,  greasewood-shadscale  land  when  irrigated 
reclaimed  produces  good  crops  of  alfalfa,  grain,  and  even  of  ore 
fruits.  Artificial  drainage,  however,  would  probably  be  required  in 
an  extensive  area  of  this  type  of  land  were  under  irrigation,  the  v 
table  being  already  high  and  the  subsoil  strongly  saline. 

Grass-Flat  Land. — ^This  type  of  land  affords  pasturage  to  horses 
cattle  and  is  therefore  by  no  means  negligible  as  one  of  the  agricul 
resources  of  the  valley.  Drainage  would  probably  be  necessary  in  ( 
to  fit  it  for  crop  production. 

Salt-Flat  Land. — ^Most  of  the  area  occupied  by  this  type  of  vc] 
tion  is  too  wet  and  too  saline  for  crop  production  and  offers  little  pro! 
of  successful  reclamation. 
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The  presence  of  the  grass-flat  (Sporobolus, 
vegetation  indicates  a  soil  which  has  a  high 
or  less  saline,  and  is  moist  to  the  surface  durii 
Such  land  produces  a  coarse  natural  pasturs 
crop  production  unless  it  is  drained. 

The  salt -flat  (Allenrolfea,  Salicomia)  vegel 
is  extremely  saline  and  is  wet  to  the  surface 
year.    This  t5T)e  of  land  is  not  adapted  to  cr 

The  correlations  above  outlined  are  yet  kno 
Valley.  Further  investigation  is  needed  ir 
applicability  in  the  classification  of  agriculti 
the  Great  Basin. 
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Plats  XLIV.  Sagebrush  (Artemisia  tridentata).  Fig.  i.- 
showing  the  typical  appearance  of  t 
conditions  are  relatively  favorable, 
background. 
Fig.  2. — Plants  showing  the  root  habit;  p 
a  deep  "  arroyo ' '  where  the  soil  had  rece 
sive  development  of  the  lateral  roots 
penetration  of  the  taproot  to  a  depth  of 

a4395**— 14 5 
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B  XLV.  Fig.  I. — Sagebrusfa  land  which  has  recently  been  burned  over, 
showing  scattered,  dead  plants  of  ArUmisia  iridentaia  (no  living 
ones),  a  dense  growth  of  the  annual  grass  Brotnus  tectorumt  and 
scattered  plants  (dark  colored  in  the  picture)  of  GiUUnezia  sarth 
throe. 
Fig.  2. — ^An  advanced  stage  in  succession  on  sagebrush  land  which 
has  been  under  cultivation,  with  numerous  young  plants  of 
Artemisia  tridentata  and  a  dense  herbaceous  covering  ol  Bromms 
teciorum  and  alfilaria  {Erodium  cicuUtrium), 
Fig.  3. — Sagebrush  reestablished  on  land  which  has  been  in  cultiva- 
tion (right)  and  the  original,  undisturbed  sagebrush  vegetatioB 
(left).    The  Stockton  embankment  in  the  background. 
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Plats  XLVI.  Fig.  i. — ^Linc  of  contact  between  th 
hand)  and  the  Kochia  association 
acteristically  sharp  demarcation  oi 
collected  at  each  side  of  this  line, 
showed  that  in  the  Kochia  land  th< 
in  the  first  foot  and  seventy-five  tin 
as  in  the  sagebrush  land. 

Fig.  2. — A  typical  view  of  the  Kochia 
far  apart,  and  very  uniform  in  siz< 
has  been  pastured,  which  has  resu 
cally  all  grasses  and  other  species  i 
when  protected  from  grazing  anima 

Fig.  3. — Plants  of  Kochia  vestita,  4  01 
Poa  sandhtrgii,  which  is  usually  asso 
that  is  not  grazed. 
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rypical  shadscale  vegetation,  consisting  of  a  nearly  pure 
[>f  AtripUx  confertifoUa,  showing  much  dead  wood,  as  is 
r  the  case,  but  the  stand  is  denser  than  in  much  of  the  area 
ed  by  this  association. 

Transition  area  between  the  shadscale  and  the  greasewood- 
ile  types  of  vegetation.  Scattered  (larger  and  darker  col- 
)lants  of  greasewood  (Sarcobatus  vermiculatus)  in  an  area 
sd  chiefly  by  shadscale. 

Salt  grass  {Distichlis  spicata)  covering  the  whole  of  the 
don  to  the  right  with  the  exception  of  a  colony  of  Allenrolfea 
niddle  d istance .  The  higher  land  to  the  left  b  occupied  by 
rood  (very  dark  in  the  illustration)  and  shadscale. 
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Platb  XLVIII.  Fig.  I.— Salt-flat  vegetation,  Allenrolf 

between  the  hummocks  is  covered 

mostly  sodium  chlorid. 

Fig.  2. — Salt-flat  vegetation,  showing  \ 

^ig-  3- — Grass-flat  vegetation,  Sporolx 

nity,  showing  a  species  of  rabbit  br 
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CITROPSIS,  A  NEW  TROPICAL  AFRICAN  GENUS  ALLIED 

TO  CITRUS 

By  Waltsk  T.  Swinolb,  Physiologist  in  Charge,  and  Maudb  KsllSRMAN,  Botanical 
Assistant,  Crop  Physiology  and  Breeding  Investigations,  Bureau  of  Plant  Industry 

INTRODUCTION 

Missionaries  and  pioneer  explorers  of  equatorial  Africa  long  ago  re- 
ported the  finding  of  wild  oranges  and  wild  lemons.  If  the  fruits  were 
green,  they  resembled  small  limes  and  lemons;  if  ripe,  their  sweet  and 
agreeable  flavor  caused  them  to  be  classed  as  oranges. 

These  fruits  are  from  2  to  3  cm.  in  diameter  and  are  borne,  two  to  five 
or  more  in  a  cluster,  in  the  axils  of  the  leaves.     Because  of  this  pecul- 


Flo.  i.—CUropsis  SckweinfurtkH:  A  branch  showing  j-foUate  and  s-foliate  leaves,  leaflike  pettates,  and 
nchis  segments;  also  paired  and  single  spines  in  the  axils  of  the  leaves.  Prom  a  plant  in  greenhouse  of 
the  Department  of  Agriculture  grown  from  seed  from  Budongo  Forest,  Uganda,  Africa.  (C.  P.  B.  No. 
9992. )    One-fourth  natural  sixe. 

iarity  they  may  be  called  African  cherry  oranges.  The  leaves  are  odd- 
pinnate,  usually  with  five  leaflets,  but  often  trifoliate.  The  petioles  and 
the  s^fments  of  the  rachis  are  so  broadly  winged  that  in  some  species 
they  look  not  unlike  leaflets.     (See  fig.  i.) 

As  early  as  1870  Schweinfurth,  the  veteran  African  explorer,  had  col- 
lected leafy  twigs  of  one  of  these  plants,  but  no  flowers  or  fruits,  in  the 
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That  the  African  species  of  Limonia  constituting  th( 
are  related  to  Citrus  rather  than  to  the  Asiatic  specie 
conclusion,  based  at  first  on  a  study  of  herbarium  an 
that  has  since  been  confirmed  in  gratifying  manner 
experiments  in  grafting,  which  show  that  the  African 
to  the  section  Citropsis  can  be  budded  easily  and  gro^ 
commonly  cultivated  species  of  Citrus. 

TECHNICAL  DESCRIPTION  OF  CITROF 

It  seems  necessary  to  establish  a  new  genus  to  ind 
cherry  oranges.  This  is  best  done  by  raising  to  generi 
Citropsis  of  Engler.* 

Citropsis  (Engler)  Swing,  and  M.  K. 

The  gentts  Citropsis  resembles  Citrus  in  the  general  stnictur 
the  flowers  and  fruit,  as  well  as  in  the  texture,  venation,  and 
leaves.  It  differs  from  Citrus  in  having  4-  or  rarely  5-  merous 
single  ovule  in  each  cell;  fruits  with  sessile  pulp  vesicles  which  s 
where  they  are  embedded  in  the  endocarp;  the  stamens  only  t 
the  petals;  large  compound  leaves;  and  spines  usually  occurring 
are  odd  pinnate,  5-  or  rarely  7-foliate,  trifoliate,  or  sometimes  unif 
pellucid  ptmctate.  The  spines  are  paired  or  single  in  the  axils 
flowers  occur  in  few-  or  many-flowered  axillary  clusters  and  are  i 
merous.  The  stamens  are  twice  as  numerous  as  the  petals,  fre 
arranged  to  form  a  stamina!  tube  sumnmding  the  pistil  much  as 
subtends  and  is  slightly  larger  than  the  base  of  the  ovary.  The 
5-celled  with  one  ovule  in  each  cell.  The  style  is  long  and  d 
is  large,  subglobose,  more  or  less  4-  rarely  5-lobed.  The  fruii 
globular,  small  (a  to  3  cm.  in  diameter),  with  a  fleshy  skin  like  1 
with  oil  glands.  The  pulp  is  vesicular,  either  sweet  and  edible 
vesicles  are  not  stalked  as  in  Citrus,  but  are  broad  at  the  base  whei 
in  the  endocarpic  lining  of  the  cells  and  taper  gradually  toward  1 
some  species  they  are  full  of  juice,  in  some  they  contain  a  wa: 
some  they  dry  up  as  the  fruit  develops.  The  seeds  are  large,  10 
a  hard,  parchmentlike  testa  having  a  foramen  at  the  tip.  Tb 
hypogeous  in  germination.  The  flrst  two  foliage  leaves  are  op 
(See  fig.  2.) 

>  Citrapsiit  gen.  nov.  (Lixnonia,  §  Citropsis,  Engler).— Gcxms  Citro  affinis,  d 
fMudoribus  (stamlnum  nuxnero  petalonim  duplo  nunquam  qtiadrupio),  ova 
locuUs  xnonoapcrmis. 

Folia  ixnparipinnaU.  trifoliata  vel  rarina  unifoliata,  subcoriacea.  pelluddo-pc 
loijontm  gcxninae  vel  singulae.  Paniculae  axillares,  paudflores.  Plores  hera 
men.  Stamina  8  vel  zo  (numero  petalonim  duplo).  Discus  ovarii  basim  sub 
farius  s-  locularis,  stylus  longus,  deciduus,  stigma  phis  minusve  quadrilobum 
Froctus  globosus  vel  subglobosus,  cortice  ut  in  CUro  camoso,  glandulis  oleiferis  ii 
dnld  et  eduli.  vel  cerea,  vesiculis  fusiformibus,  ad  basin  in  endocarpio  immers 
dura,  pergamena.  foraminea.    Cotyledones  in  germinatione  hypogaeae. 

Arbor  parva  vel  arbtiscula,  spinosa. 

Species  typica,  Umonia  Preussii  Engler. 

*  In  CHropsis  Sekwtmfurlkii  the  first  two  postcotyledonary  leaves  are  oppostti 
stalked;  the  next  two  or  three  leaves  are  simple,  with  short  xjetioles;  then  (oU 
winced,  longer  petioles;  then  trifoliate  leaves;  and  finally  ptnnately  s-foUate  lea 
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CHARACTERS  WHICH  DISTINGUISH  SPECIES  OF  CITROPSIS 

The  principal  diagnostic  characters  of  the  species  of  Citropsis  are 
found  in  the  flowers,  leaves,  and  fruits.  The  size,  shape,  and  propor- 
tions of  the  pistil  and  in  particular  of  the  style  are  of  great  importance. 
The  smoothness  or  hairiness  of  the  filaments  and  the  shape  of  the  ovary 
are  also  important  characters,  as  is  the  length  of  the  pedicel  and  pedtmcle 
in  relation  to  the  length  of  the  pistil.  The  shape,  size,  and  proportions 
of  the  leaflets,  segments  of  the  rachis,  and  petioles  are  not  only  obvious 
but  necessary  characters  for  use  in  distinguishing  the  species.  Finally, 
the  nature  of  the  fruit,  whether  dry  or  pulpy,  and  if  pulpy,  whether 
juicy  and  sweet,  or  waxy,  is  useful  in  distinguishing  the  species.  Owing 
to  the  number  of  species  of  Citropsis  and  the  variability  due  to  their 
wide  range,  it  is  usually  necessary  to  have  at  least  good  flowers  and 
leaves  to  be  able  to  determine  the  species  with  any  certitude,  and  in 
some  cases  fruits  also  are  necessary. 

Inasmuch  as  none  of  the  original  descriptions  of  the  African  species 
of  limonia  now  referred  to  Citropsis  included  both  flowers  and  mature 
fruits,  it  is  obvious  that  it  is  a  matter  of  much  difficulty  to  determine  the 
affinities  of  some  of  these  species  based  on  imperfect  material. 

Citropsis  Preussii  (Engler),  n.  comb. 

Umonia  PmuM  Hn^er.  1895.  <»  Notizbl.  1L.  Bot.  Gartens  u.  lifus.  Berlin,  Bd.  z,  p.  a8. 
nius..  Bngler.  1895.  in  Ensl.  and  Prantl.  Pflanzenlam.,  T.  3,  Abt.  4,  p.  189.  fig.  Z09.  B-H. 

Thefollowixig  specimens^  have  been  consulted:  Kamemn. — Frbuss  (No.  548), 
September  19,  1890,  Baiombi  Station  on  Elephanten  See  (Dahlem  Herbarium  ';  Kew 
Herbaritim).  Standt  (No.  747),  November  29,  1896,  Johann  AlbrechtshOhe  (Dahlem 
Herbarium,  fragment  in  National  Herbarium,  Washington,  D.  C;  British  Museum 
Herbarium).  BCsobn  (No.  37),  November  x8,  1905,  Johann  Albrechtsh6he  (Dahlem 
Herbarium).  Lbdsrmann  (No.  1455),  December  i,  1908,  Bare  (Dahlem  Herbariums- 
fragment  in  National  Herbarium,  Washington,  D.  C). ' 

The  tjrpe  of  the  genus,  Citropsis  Preussii,  was  first  collected  by  Preuss  at 
Barombi  Station  on  the  south  shore  of  Elephanten  See  in  Kamerun  on 
September  19, 1890.  Of  his  original  collection  (No.  548)  three  specimens, 
all  showing  good  flowers,  have  been  studied  by  the  writers.  (See  fig.  3.) 
Two  of  these  are  preserved  in  the  herbarium  at  Dahlem,  near  Berlin. 
The  third  was  sent  to  Kew  Gardens  (April,  1894)  before  the  species  was 
published  and  evidently  was  not  used  by  Prof.  Engler  in  drawing  up  the 
original  description,  as  the  species  is  described  as  having  trifoliate  leaves, 
while  those  of  the  Kew  specimen  are  5-foliate. 

Besides  this  original  material  there  are  three  excellent  sheets  in  the 
Dahlem  Herbarium  and  one  at  South  Kensington  of  material  collected 
by  Standt  (No.  747)  on  November  29,  1896,  at  Johann  Albrechtshohe, 

>  AU  of  the  specimens  dted  from  European  herbaria  were  photographed  by  one  of  the  writers  in  i9xx*xs, 
and  prints  enlarged  to  natural  size  have  been  filed  in  the  National  Herbarium  at  Washington.  D.  C. 

*  The  sheet  to  which  the  original  label  is  attached  is  the  type  spedmen. 

*  Ledermann'a  specimens  have  been  designated  **Limonia  PrnusH  BngL,  var.  mkrantka  Bngl., "  but  it 
is  probable  that  the  very  small  flowers  are  due  to  adiseased  condition  of  the  plant  and  do  not  constitutea 
true  varietal  diflfcrenoe. 
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near  the  original  type  locality  on  Elephanten  See.  These  specimens  \ 
flowers  and  young  fruits.  Finally,  there  is  one  sheet  in  the  Da 
Herbarium,  collected  by  Biisgen  (No.  37)  on  November  18,  1905,  ali 
Johann  Albrechtshohe  near  Elephanten  See.  This  specimen  shows  y^ 
fruits. 

All  of  this  material  comes  from  the  same  general  locality,  Jol 
Albrechtshohe  being  only  3  or  4  km.  distant  from  Barombi  Station, 
eight  of  these  specimens  show  a  great  resemblance  and  undoubt 
belong  to  a  single  species.  Unfortunately  all  were  collected  in  the  aut 
and  show  only  flowers  and  very  young  fruits. 

A  number  of  other  specimens  have  been  referred  to  Citropsis  Pre 
in  the  Dahlem  Herbarium,  but  some  of  them  certainly  do  not  belong 
and  for  the  present  the  only  material  certainly  referable  to  this  spec 
that  collected  in  the  immediate  vicinity  of  Elephanten  See  in  Kami 

The  excellent  specimens  with  flowers  and 
young  fruit  and  numerous  leaves  permit  a 
very  good  idea  to  be  gained  of  this  species. 

The  leaves  are  3-  to  5-foliate,  with  broadly 
winged  petiole  and  rachis.  (See  fig.  3.) 
The  leaflets  are  very  large,  100  to  160  by 
45  to  115  mm.,  broadly  oval  or  oblong, 
abruptly  narrowed  above  into  a  short  ob- 
tuse tip,  and  broadly  cuneate  at  the  base, 
with  very  short  petiolules.  Petioles  usually 
69  to  80  by  25  to  35  mm.,  elongate,  ellipti- 
cal, rather  acute  at  tip  and  base,  but  some- 
times shorter  and  broader  or  even  obcordate 
30  to  40  by  25  mm.  The  segments  of  the 
rachis  are  elongate  elliptical,  50  to  70  by 
15  to  25  mm.  Spines  usually  single,  16  to  28  mm.  long,  rarely  wan 
Flowers  15  to  18  mm.  long  in  the  bud,  20  to  25  mm.  in  diameter  ^ 
open,  in  dense  many-flowered  clusters  borne  in  the  axils  of  the  le 
very  short  pediceled  (3  to  5  nmi.),  usually  4-merous,  ovaries  12  to  15 
long,  with  a  long,  slender  style  broadening  at  the  base  and  me 
gradually  into  the  ovary.  Only  young  fruits  are  known  as  yet.  T 
are  short-stalked  or  nearly  sessile,  slightly  apiculate. 

Citropsis  Preussii  is  readily  distinguished  from  its  congeners  b; 
broadly  oval  or  oblong  leaflets,  and  by  the  short-stalked  flowers 
very  long  styles  broadened  at  the  base  and  not  sharply  delimited 
the  tip  of  the  pointed  ovaries.  Citropsis  mirahilis  resembles  this  sp 
in  the  shape  of  the  leaves,  winged  petioles,  and  rachis,  but  differs  ii 
longer  stalked  flowers,  which  have  a  shorter  more  slender  style  wh 
not  broadened  at  the  base  and  consequently  is  more  sharply  delit 
from  the  tip  of  the  more  rotmded  ovary.     (See  fig.  4.) 


Fig.  4. — Pistils  of  four  species  of 
sis.  A,  Citropsis  Preussii  ( 
No.  747):  fl,  Citropsis  mirabilis  ( 
licr  No.  21609);  C,  Citropsis  8 
furtkii  (C.  P.  B.  2902);  and  D, 
sis  gaboncnsis  (Klfiine  No. 
Twice  natural  size. 
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CitropeiB  Schweinfiiitfiii  (Engler),  n.  oomb. 

iMmonim  Sckw^mfurtkii  Bngkr,  1895*  m  NoUzbl.  K.  Bot.  Oartent  u.  Mo*.  Berlin,  Bd.  z.  p.  29- 

(f )  LtMOMM  ugandmsis  Baker,  1907.  t*»  Jour.  Bot.  [London],  v.  45.  p.  6z. 

(f)  Limomia  Pofpti  Bni^,  1895.  m  NodsbL  K.  Bot.  Gartens  u.  Mns.  Bedin.  Bd.  z.  p.  99. 

The  following  specimens  have  been  consulted:  Sudan. — ScHwrnNi^URTH  (No.  3656) 
April  35,  1870,  Uando  (Dahlem  Herbarium,'  clastotype  in  National  Herbarium, 
Washington,  D.  C,  see  fig.  7;  Kew  Herbarium,  clastot3rpe).  Stuhlmann  (No.  2641), 
August  34, 1 891 ,  Ituri  Ferry  (Dahlem  Herbarium).  Uganda. — Bagshaw:^  (No.  1007),* 
April  25, 1906,  Mpanga  Forest,  Toro  (British  Museum  Herbarium);  (No.  1365),  Decem- 
ber 17, 1906,  Ngusi  River,  Albert  Edward  Myanza,  altitude  950  meters  (Briti^  Museum 
Herbarium;  National  Herbarium,  Washington,  D.  C).  Daws  (No.  399),  South 
Buddu  (Kew  Herbarium);  (No.  809),  1905,  Budongo  Forest  (Kew  Herbarium); 
(No.  ?)  March  17,  19x0,  Budongo  Forest  (National  Herbarium,  Washington,  D.  C); 
(No.  ?,  C.  P.  B.  No.  2903)  April  17,  1910,  Budongo  Forest  (National  Herbarium; 
greenhouses.  Department  of  Agriculture,  Washington,  D.  C.  See  fig.  i  and  PI. 
XLIX).  MiLBRABD  (No.  2394)  January  i,  1908,  Fort  Beni  (Dahlem  Herbarium); 
(No.  2880),  May  i,  1908,  Irumu  (Dahlem  Herbarium).  Congo.— Poggs  (No.  668),* 
June  I,  1882,  Lulua  (Dahlem  Herbarium).  Laurbnt  (No.  ?),  November  24,  1903. 
Ibaka  (Brussels  Herbarium);  (No.  ?),  January  2, 1904,  Bolombo  (Brussels  Herbarium; 
National  Herbarium,  Washington,  D.  C);  (?)  Tttukch  Congo. — ^Thollon  (No.  Z049), 
Jtme,  1888,  on  Niari  River  from  Komba  to  Bounanza  (Mus^m,  Paris,  Herbarium). 

In  1895  Engler  pvbhstiedCiiropsis  Schweinfurthii,  which  was  based  on 
a  single  unbranched  twig  without  flowers  or  fruit  collected  by  Schwein- 
furth  (No.  3656)  in  April,  1870,  in  the  "Galleriewaldungen"  at  Uando 
(altitude  700  to  800  m.;  lat.  4°  18'  N.,  long.*  28°  22'  E.)»  about  260  km. 
northeast  of  Albert  Nyanza.  The  twig  was  originally  some  33  cm.  long, 
with  12  intemodes.  The  basal  intemode,  with  a  trifoliate  leaf,  was  sent 
to  Kew  Herbarium  in  February,  1878,  where  it  is  now  preserved.  The 
rest  of  the  specimen  is  in  Prof.  Schweinfurth's  herbarium  in  the  Dahlem 
Museum  and  is  the  type  upon  which  Prof.  Engler  based  the  species. 
In  the  original  description  of  the  species  the  leaves  are  said  to  be  trifo- 
liate, but  in  this  specimen  one  of  them,  the  fifth  from  the  tip  of  the  twig, 
is  pinnately  5-foliate  with  a  well-developed,  broadly  winged  rachis 
between  the  first  and  second  pair  of  leaflets.  One  of  the  lateral  leaflets 
of  the  terminal  pair  is  missing,  but  the  shape  and  position  of  the  terminal 
leaflet  show  clearly  that  it  was  present  during  the  life  of  the  plant  and 
was  probably  lost  after  the  specimen  was  dried,  as  has  happened  to  seven 
or  eight  leaflets  belonging  to  other  leaves  of  this  same  specimen. 

The  discovery  of  this  pinnate  leaf  on  the  type  specimen  is  of  impor- 
tance in  justifjdng  the  reference  to  this  species  of  a  nimiber  of  pinnate- 
leaved  specimens  from  the  eastern  part  of  equatorial  Africa. 

A  fruiting  specimen  was  collected  at  a  ferry  of  the  Ituri  River  about 
60  km.  WNW.  of  Albert  Nyanza  in  latitude  2°  55'  N.  (altitude  900  meters) 
by  Dr.  F.  Stuhlmann  (No.  2641)  on  August  24,  1891,  in  his  journey 
around  the  great  lakes  of  equatorial  Africa.    Stuhlmann  mistook  the 

>  This  is  the  type  specimen. 

*  Type  specimen  of  Lhmmia  ugandtnsis, 

*  This  b  the  type  specimen  of  Limania  Poggei. 
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broadly  winged  segments  of  the  rachis  for  leaflets  sprouted  out  of  each 
other.^  His  specimen  is  preserved  in  the  Dahlem  Herbaritmi  and  has 
been  referred  to  Linumia  Schweinfurihii  by  Engler.' 

The  original  label  has  a  note  by  Stuhlmann  to  the  effect  that  the  fruit 
is  orangelike,  light  yellow  in  color,  shows  two  seeds,  and  has  a  sweet  pulp 
without  add.  A  sketch  on  the  label  shows  a  4-celled  fruit  with  two  seeds. 
Most  of  the  leaves  are  pinnately  5-foliate,  though  the  specimen  is  in  bad 
condition  and  many  leaflets  have  been  lost.  Both  the  leaves  and  spines 
are  much  like  those  of  Schweinfurth's  original  specimen  from  Uando, 
and  it  is  very  probable  that  both  belong  to  the  same  species. 

Misled  by  the  statement  in  the  original  description  of  this  species  that 
the  leaves  are  trifoliate.  Baker  described  a  new  species,  Limonia  ugan- 
densis,  in  1907,  which  he  says  differs  from  Linumia  Schweinfurihii  (known 
to  him  only  from  the  description)  in  having  5-foliate  instead  of  3-foliate 
leaves. 

The  type  of  Limonia  ugandensis  was  collected  by  Mr.  A.  G.  Bagshawe 
(No.  1007)  on  April  25,  1906,  at  Toro,  in  the  Mpanga  Forest,  to  the 
east  of  Albert  Nyanza,  in  western 
Uganda,  at  an  altitude  of  1,550 
meters.  The  type  specimen  shows 
flower  buds  and  has  single  spines  and 
mostly  5-foliate  leaves,  but  appar- 
ently a  few   3-foliate    leaves    also.  ""**^ 

The    petioles    and    segments    of    the    Fio.  s.-CUropsis  SdhMM/wrlUiV  Nearly  matare 

rachis  are  broadly  winged  and  vary     fnait;  x.iidcview,  showing  calyx  and  disk;  b. 

-  «**..««  .  section  showing  four  cells  with  imlp  vesicles 

from  narrowly  elhptical  to  Obovate  m  and  three  seeds.  Bagshawe  No.  Z365.  in 
outline.      Because  of    the  absence  of       National     Herbariun.    Washington,    D.    c. 

Natural  size. 

mature  flowers  the  description  of  the 

stamens  is  erroneous  in  giving  the  filament  as  about  equaling  the  anther 
in  length.  In  a  fully  open  flower  the  filaments  would  undoubtedly  be 
much  longer.  A  specimen  of  this  species  which  was  collected  by  Mr. 
A.  G.  Bagshawe  (No.  1365)  at  Ngusi  River,  Albert  Edward  Nyanza,  at 
an  altitude  of  970  meters,  shows  good  fruits  (see  fig.  5). 

Aside  from  the  usually  but  not  universally  broader  winged  petiole  and 
rachis  segments  these  specimens  can  scarcely  be  distinguished  from 
Citropsis  Schweinfurihii,  and  unless  the  flower  and  fruit  characters  prove 
to  be  different,  Limonia  ugandensis  will  doubtless  have  to  be  considered 
to  be  a  synonym  of  C.  Schweinfurihii. 

Besides  the  specimens  from  Uganda  hitherto  referred  to  Limonia 
ugandensis  Baker,  there  are  two  specimens  in  the  Dahlem  Herbarium, 

* "  In  dem  diditen  Unterholz  fiel  tins  vor  allem  ein  kleiner  Busch  mit  domigen  Acaten  atif .  Von  seincn 
kderhartcn  Blittem  spriesst  eines  aus  dem  anderen  heraus.  Seine  Pmcht  ist  eine  kleine  Orange  mk 
niehreren  Abthcihingen,  aber  nor  swei  Kemen.  Von  unseren  Limonen  unterscfaeiden  sie  sidi  durch  den 
sflssHchrn.  jeder  Sfture  cntbehrenden  Geschmack. "  (Stuhlmann,  Franz.  Mit  Bmin  Pascha  ins  Hcrx  von 
Afrika.    p.  406.    Berlin,  1894.) 

s  Engkr,  Adolf.    Die  Pflanzenwek  OstrAfrikas.  .  .  .  Teil  Q  p.  aa9.    Berlin,  1895* 
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Both  of  these  specimens,  a: 
collected  in  Congo  by  Mess 
locality  or  date,  have  trifol 
terminal  one  disproportionat 
the  adjacent  lateral  leaflets  1 
leaflet  is  from  two-fifths  to  ( 
si>ecies  to  which  these  sped 
Schweinfurihii,  but  in  the  al 
the  rather  unusual  appears 
merely  provisional. 

Citropsis  Schweinfurihii  is 
foliate  leaves.     The  flowers 
of  the  leaves.     (See  fig.  6.) 
They  are  4-  or  rarely  5- 
parted  with   strap-shaped 
petals,  a  short,  thick  style, 
6  to  9  mm.  long,  scarcely 
narrower  than  the  stigma 
but   rather  sharply  set  off 
from  the  rounded  tip  of  the 
ovary,  and  broad  flattened 
filaments  with  a  subulate 
apex  where  the  anther  is 
attaxrhed.     The  leaves  are 
pinnatdy  5 -foliate  or  tri- 
foliate.    The  petioles  are 
broadly  winged,  40  to  75 
by  18  to  35  mm.,  narrowly 
obovate  or  elliptical,  usu-    ^ 
ally    rotmded   at   the   tip 
and  bltmtly  pointed  at  the 
base.    The  segments  of  the 
rachis  are  35  to  65  by  15  to 
both  ends  but  more  rounded 
tip.     The  leaflets,  55  to  12^ 
narrowed  from  the  middle  t' 
or  subacute  tip,  with  strongl] 
niinal  leaflet  is  often  much  la 
times  one-third  longer,  usuall 
spines,  12  to  30  mm.  long,  a 

Citropsis  Schweinfurihii  dii 
thick  style  (shorter  than  an; 
has  very  small  flowers,  wi 
lanceolate  leaflets,  narrowit 
acute  base. 
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September,  1684,  Sibange  Fann  (Dahlem  Herbarium).  Du  Bbllay  (] 
(Museum,  Paris,  Herbarium).  Tbssmann  (No.  874),  January  36,  iqc 
GuiiiM  (P) — ^Bebady  (?);  (No.  194),  February  14,  1908,  Nkolentagan. 
Gbntii,  (No.  93),*  May,  1903,  Bombaie  (Brussels  Herbarium).  Hbni 
Gillet,  No.  3380)  Lumene  (Brussels  Herbarium).  Laurent  (No.  ?),  N 
1903,  Bombaie  (Brussels  Herbarium). 

Ciiropsis  gabunensis,  one  of  the  first  four  species  of  Limonia 
from  Africa  by  Engler  in  1895,  was  based  on  specimens  cc 
H.  Soyaux  (No.  105)  at  Sibanga  Farm  in  the  Munda  region  1 
ville,  French  Congo  (Gabun),  on  July  25,  1880.  Three  she 
number  are  preserved  in  the  Dahlem  Herbarium,  and  on 
species  is  based.  The  type  specimen  had  a  single  fruit;  the 
are  sterile.  The  herbaria  of  Dahlem,  Brussels,  Paris,  and  K 
numerous  other  specimens  of  this  species  from  northern  Fre 
and  Spanish  Guinea.  This  material  represents  a  wide  rang 
characters  and  shows  all  stages  of  flower  and  fruit  develop) 
these  specimens  seem  to  belong  to  a  single  species  which  is  ve 
from  any  of  the  others. 

The  type  specimen  of  Limonia  Lacourtiana  was  collected  b; 
(No.  93),  May,  1893,  and  is  preserved  along  with  Cientil's  ori 
in  the  herbarium  of  the  botanic  garden  at  Brussels.  The  lea 
5-foliate,  and  in  one  case  a  terminal  leaflet  has  a  winged  pet 
leaflets  are  broadly  oval,  more  or  less  abruptly  narrowed  at 
and  caudate  at  the  tip.  The  young  fruits  are  borne  in  dus 
axils  of  the  leaves  on  pedicels  10  to  12  mm.  long.  In  all  of  t 
acters  this  specimen  is  indistinguishable  from  Citropsis  gaJbui 

A  young  fruit  from  this  type  specimen  now  preserved  in  th 
Herbaritmi  at  Washington,  D.  C,  seems  to  be  seedless,  t 
numerous  pulp  vesicles  which  contain  a  whitish  granular  v 
original  label  of  M.  Gentil  says  "fruits  d^lideux,"  but  as  tli 
the  type  specimen  are  very  small  and  immature  it  is  obvio 
statement  must  apply  to  some  other  plant,  doubtless  not  be 
this  species.  Most  of  the  fruits  of  the  typical  Citropsis 
examined  contain  large  seeds,  often  nearly  filling  the  small 
leaving  very  little  space  for  the  pulp  vesicles,  which  are  crc 
often  nearly  obliterated  by  the  seeds. 

Whether  the  vesicles  of  a  young  seedless  fruit  of  the  typica 
gabunensis  would  show  the  presence  of  wax  remains  to  be  in' 
In  the  absence  of  knowledge  on  this  point  it  seems  inadvisabl 
nize  Limonia  Lacourtiana  as  a  species  distinct  from  Citropsis  i 
though  futiure  research  may  possibly  prove  it  to  be  a  good  sped 

>  This  b  the  type  specimen  of  Limonia  Lacouwtiana. 

*  Recently,  throogh  the  kindness  of  M.  Auguste  Chevalier  and  of  Rev.  J.  Gillet,  of  S 
•bondant  material  has  been  received  of  a  species  of  Citropsis  apparcnUy  distinct  from  any  hit! 
the  fruits  of  whidi  are  often  seedless  and  contain  abundant  pulp  vesicles  filled  with  a  wa: 
extracted,  makes  a  yellow,  fragrant  mass  much  like  beeswax  in  character. 


Digitized  by 


Google 


I  Journal  of  Agricultural  Research  voli.no.s 

^itf apsis  gabunensis  diflfers  from  all  its  congeners  in  having  very  small 
irers,  with  hairy  filaments,  caudate  leaflets,  and  a  nearly  dry  fndt 
i  flower  buds  are  only  5  to  6  mm.  long  and  the  fully  expanded  flowers 
only  10  to  12  mm.  in  diameter.  The  filaments  are  hairy.  The  pistil 
rery  short  (3K  to  4  mm.)  and  shows  a  well-marked,  davate  ovary, 
rowed  gradually  toward  the  base  and  rounded  at  the  tip,  which  is 
trly  delimited  from  the  slender  style  which  ends  in  the  subglobose 
ibed  stigma.  (See  fig.  4.)  The  pedicels  are  very  long  (sometimes 
)  12  mm.),  often  twice  as  long  as  the  pistil,  and  appear  as  branches 
L  slender  peduncle  K  to  2  cm.  long, 
lo  other  species  of  Citropsis  shows  so  much  variation  in  the  size  of 

leaves  and  in  the  number  of  leaflets.  They  may  be  unifoliate, 
itly  resembling  orange  leaves,  or  they  may  have  5  to  7  leaflets. 
y  frequently  the  leaves  are  5-foliate,  with  the  terminal  leaflet  borne 
the  end  of  a  winged  segment  of  the  rachis.  Such  stalked  terminal 
lets  are  often  seen  in  trifoliate  leaves  (see  fig.  3)  but  almost  never  in 
►liate  leaves  of  other  species  of  Citropsis.  The  leaflets  are  caudate- 
ike  any  of  the  other  species. 

'hose  of  compound  leaves  are  from  40  to  115  by  18  to  60  mm., 
jtly  50  to  100  by  25  to  45.     The  leaflets  of  unifoliate  leaves  are  90  to 

by  40  to  70  nmi.  The  winged  petioles  are  15  to  35  by  3  to  15  mm., 
ying  from  linear  to  narrowly  obcordate,  especially  in  unifoliate 
res.  They  are  usually  broadly  rounded  at  the  tip  and  narrowed 
dually  toward  the  base.  The  rachis  segments  vary  from  20  to  45 
4  to  10  mm.  and  usually  have  the  same  shape  as  the  winged  petioles. 

opeis  mirabilis  (Chev.),  n.  comb. 

Honia  mirabUis  Chevalier.  29x9,  in  Bui.  Soc  Bot.  France,  t.  58,  191 1,  Mha.  8d,  p.  X44-14S. 

lie  following  material  has  been  consulted:  Ivory  Cotst. — Chhvaubr  (No.  21609), 
21,  1909,  between  Sanixm  and  Quode  on  the  Koue  River  (Chevalier  Hetharium, 
s;  National  Herbarium,  Washington,  D.  C). 

^hevaUer  has  described  Citropsis  mirabilis  in  detail,  but  unfortu- 
ely  no  fruits  are  known.  The  leaves  are  3-  to  5-foliate,  with  broadly 
1  or  oblong  leaflets  90  to  190  by  40  to  100  mm.  The  petioles  are 
ally  elongate  elliptical,  60  to  70  by  20  to  30  mm.,  rather  acute  at 
h  ends,  rarely  broadly  rounded  at  the  tip.  The  s^^ents  of  the 
lis  are  80  to  70  by  12  to  28  mm.,  usually  narrowly  elliptical,  rarely 
adly  rounded  at  tip.  The  spines  are  single,  10  to  28  mm.  long, 
letimes  wanting.  The  flowers  occur  in  dense  many-flowered  clusters 
he  axils  of  the  leaves.  The  pedicels  are  well-developed,  5  to  6  mm. 
r.  The  buds  are  linear  elliptical,  12  to  14  by  3  mm.,  the  flowers 
in  open  are  18  to  24  mm.  in  diameter,  usually  4-merous,  but  some- 
es  5-merous.  The  pistil  is  12  to  14  mm.  long,  the  style  10  to  11  mm. 
I,  very  slender,  and  not  appreciably  broadened  at  the  base.. 
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Ciiropsis  mirabilis  differs  from  all  its  congeners  in  having  laige  flowers 
with  slender  styles  not  much  broadened  at  the  base  and,  in  consequence, 
rather  clearly  delimited  from  the  tip  of  the  ovary.  (See  fig.  4.)  It 
somewhat  resembles  C.  Preussii  in  the  size  and  shape  of  the  leaves. 

IMPERFECTLY  KNOWN  SPECIES 
CHropsis  articulata  (Willd.)i  n.  comb. 

Citrus  articulata  WUld.,  x8a6,  m  Spreng.,  Syst.  Veg.,  v.  3,  p.  334* 

The  following  material  has  been  consulted:  Gold  Coast— Isbrt  (No.  ?;  Willde- 
now  Herbarium  No.  14357),  June  or  July,  1786,  near  Kommang,  Akwapim  ^  (Dahlem 
Herbarium).  (?)  Togo. — Bauuann  (No.  55a),  1894-5,  on  the  Koli  River  near  Kame 
(Dahlem  Herbarium). 

The  specimen  in  the  Willdenow  Herbarium  at  Dahlem,  of  which  a 
photograph  was  kindly  sent  to  the  writers  by  Prof.  Urban,  now  shows  a 
dngle  twig,  21  cm.  long  and  2}4  to  4>^  mm.  in  diameter,  with  lo  or  ii 
intemodes  which  are  mostly  2  to  2}4  cm.  long,  slightly  angtilar,  with 
prominent  leaf  scars.  Only  two  single  spines  are  preserved,  one  8  by  i 
nun.,  the  other  14  by  i}i  mm.  Two  petioles  are  on  the  sheet:  One,  still 
attached,  obovate  in  outline,  52  by  32  mm.  tapering  gradually  into  the 
sharp  base  4  to  5  mm.  long ;  the  other  broadly  rounded  at  tip,  60  by  37  mm. 
with  prominent  veins,  running  nearly  at  right  angles  to  the  midrib,  the  mar- 
gin very  shallowly  undulate  crenate.  It  is  evident  that  the  Isert  specimen 
at  Dahlem  was  more  complete  when  Sprengel  published  Willdenow's 
description,  as  the  leaves  are  said  to  be  oblong  and  the  peduncle  many- 
flowered.  Probably  only  a  single  terminal  leaflet  was  originally  present. 
The  many-flowered  peduncle  seems  also  to  have  fallen  off  since  Willde- 
now's time,  as  none  can  now  be  seen  on  the  photograph. 

To  this  species  has  been  doubtfully  referred  a  specimen  from  Togo- 
land  collected  by  E.  Baumann  (No.  552),  on  May  16,  1895,  on  the  Koli 
River  near  Kame,  probably  not  very  remote  from  the  locality  where 
Isert's  type  was  collected.  The  Baumann  specimen  has  3-  to  5-foliate 
leaves,  with  petioles  varying  sorqewhat  in  size  and  shape,  35  by  13, 
^  by  25,  32  by  50,  40  by  18,  or  30  by  20  mm.  Curiously  enough,  the 
terminal  portion  of  the  twig,  including  the  last  five  or  six  intemodes, 
has  lost  its  leaves  except  one  obovate  petiole.  It  has  three  single  spines 
and  in  general  resembles  in  a  striking  manner  Isert's  specimen,  upon 
which  Willdenow  based  his  species.  Another  curious  coincidence  is  in 
the  presence  of  the  terminal  leaflet  of  an  originally  trifoliate  leaf  from 
which  the  two  lateral  leaflets  have  fallen.  It  was  probably  from  such 
an  apparently  unifoliate  leaf  originally  present  on  Isert's  specimen  that 

1  Isert  foand  this  plant  in  the  mountains  some  50  to  75  km.  north  of  Accra  and  says  of  it:  *' Je  vis  une 
nouvelle  esptee  de  dtroaiera,  avec  des  feuiUes  articokes."  (Isert.  P.  E.  Voyages  en  Guinte  et  dans  les 
lies  Caralbes  en  AmMqne,  p.  955-356.  Paris,  1793-  A  reprint  ol  the  original  edition,  Reise  nach 
Guinea  .  .  .  1788,  appears  in  AUgemeine  Geschichte  der  neuesten  Reisen  tmd  Bntdeckungen,  v.  x.) 
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Willdenow  described 
shows  an  axillary  ii 
slender  ovaries  (lo  t 
Citropsis  mirabilis, 
broadly  winged  petic 
this  it  was  referred  ir 
differs  in  the  distinc 
leaflets,  and  the  bro 
ments  of  the  rachis. 
densely  clustered  and 

It  is  to  be  hoped  t 
be  found  in  the  Cop< 
of  this  species,  the  & 
with  exactitude. 

Besides  the  forego 
Limonia  which  undo 
yet  be  satisfactorily 
Limonia  Poggei,  var.  i 
and  Limonia  Demeus 
fully  figured.* 

In  addition  to  the 
various  European  hei 
ton,  D.  C,  which  it 
flowers  or  fruits.  Tl 
dpally  from  Congo,  b 
L.  Gentil,  and  others. 

POSSIBLE  Vi 

The  bringing  to  ligl 
opens  up  a  new  fielc 
species  are  said  to  be£ 

The  tmusually  larj 
one  of  them  larger  t 
species  of  Citropsis  a 
true  orange  group, 
active  assimilating  sy 
fourths  of  the  dry  su 
flavoring  matter,  and 
species  with  large  le 
growth  and  for  develc 

1  WUdeman.  £mi]e  de.   fitu 

•.  5.  V.  X,  p.  x59-x6o.  Pl«  SI.  S3' 

Linxonia  Poggd,  var.  Uttialat 
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GRAFTING  OF  CITROPSIS 

Experiments  conducted  under  the  directions  of  the  authors  in  the 
greenhouses  of  the  Department  of  Agriculture  at  Washington,  D.  C.»  show 
that  Citropsis  Schweinfurtkii  can  be  grafted  readily  and  that  it  will  grow 
rapidly  and  vigorously  on  sweet  orange,  sour  orange,  grapefruit,  and 
lemon  stocks.  It  can  also  be  grafted  on  the  tabog  (Chaetospennum  gltUi- 
nosa)  and  the  wood-apple  (Feronia  elephaninm),  two  stocks  on  which 
species  of  Citrus  graft  readily.  However,  it  does  not  grow  as  vigorously 
on  these  stocks  as  on  Citrus.  The  very  rapid  growth  of  Citropsis  when 
grafted  on  Citrus  (see  PI.  XI/IX)  is  an  added  and  striking  proof  of  the  close 
afl&nity  of  these  two  genera.  Additional  experiments  in  budding  and 
grafting  on  other  genera  related  to  Citrus  are  now  tmder  way. 

In  view  of  the  considerable  botanical  differences  between  Citrus  and 
Citropsis,  it  is  probable  that  the  latter  will  show  immunity  to  diseases  and 
adaptations  to  soil  and  climatic  conditions  not  possessed  by  the  stocks 
upon  which  citrous  fruits  are  commonly  grafted.  Experiments  conducted 
by  the  authors  have  already  indicated  that  Citropsis  Schweinfurthii  is  well 
adapted  to  poor,  sandy  soils  ("high  pine  lands"  )  in  Florida.  Every  new 
stock  well  adapted  to  Citrus  gives  the  grower  and  the  pathologist  a  new 
^  tool  in  the  work  of  perfecting  the  culture  of  citrous  fruits  and  in  prevent- 

ing the  ravages  of  diseases  by  using  stocks  which  are  immune.  The 
scarcity  of  material  of  the  African  cherry  oranges  has  hitherto  prevented 
any  extensive  experiments  in  the  use  of  this  new  stock,  but  grapefruit 
and  oranges  have  both  been  budded  successfully  on  Citropsis  stocks  in 
the  greenhouse  at  Washington  and  out  of  doors  in  Florida. 

HYBRIDIZATION  OF  CITROPSIS 

The  fact  that  there  are  a  number  of  closely  allied  yet  distinct  species 
of  Citropsis  native  to  the  forests  of  tropical  Africa  is  an  advantage  to  the 
plant  breeder  in  furnishing  material  for  the  improvement  of  the  African 
cherry  oranges  by  hybridization.  Whether  the  waxy-fruited  species  will 
3deld  edible  hybrids  when  crossed  with  the  juicy-fruited  species  can  only 
be  told  by  experiment. 

So  far,  the  scarcity  of  flowers  of  the  African  cherry  oranges  has  pre- 
vented any  decisive  test  as  to  whether  they  can  be  crossed  with  species 
of  Citrus  or  not.  This  much  can  be  said,  that  flowers  of  the  common 
lime,  Citrus  av/rantifolia  (Christm.)  Swing.,  pollinated  with  Citropsis 
Schweinfurthii  set  fruit  and  produced  seed.  Only  a  few  seed  were  se- 
cured and  none  of  them  gave  rise  to  a  hybrid,  but  this  is  not  uncommon 
in  Citrus.  The  fact  that  the  pollen  of  Citropsis  was  able  to  cause  the 
development  of  seeds  is  a  very  hopeful  sign  that  hybrids  will  be  secured 
from  pollinations  in  the  course  of  the  breeding  experiments  now  being 
carried  on  by  using  the  pollen  of  Citropsis  on  as  many  species  of  Citrus 
as  possible. 
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That  hybrids  of  the  common  citrous  fruits  with  the  African  cherry 
oranges  would  be  promising  table  fruits  is  rendered  probable  by  the  fact 
that  both  Citrus  and  Citropsis  have  species  which  in  a  wild  state  yidd 
fruits  beautiful  to  the  eye,  fragrant,  and  delicious  to  the  taste. 

Because  of  their  beautiful  foliage,  their  very  fragrant,  large  white 
flowers,  much  resembling  those  of  the  orange  or  lime,  and  their  abundant, 
though  small,  fruits,  borne  in  tufts  like  cherries,  the  African  cherry 
oranges  are  of  tmusual  promise  for  ornamentals  and  for  hedge  plants  in 
subtropical  regions. 

The  fact  that  the  true  relationships  of  so  large  and  so  striking  a  grotqi 
of  plants,  ranging  clear  across  equatorial  Africa,  could  remain  misunder- 
stood by  botanists  for  so  long  a  time,  is  another  proof  of  the  rich  harvest 
of  new  material  which  awaits  the  attention  of  the  plant  breeder  as  soon 
as  a  critical  taxonomic  study  of  the  wild  relatives  of  our  principal  cul- 
tivated plants  makes  it  available  for  his  use. 

Plate  XLIX.  Citropsis  Sckweinfurthii  grafted  on  grapefruit  stock  (Citrus  decumna), 
showing  vigotDUS  growth  made  in  aj^  years.  Plant  grown  in  green- 
house, Department  of  Agriculture,  Washington,  D.  C,  from  seed 
from  Budongo  Forest,  Uganda,  Africa.  (C.  P.  B.  No.  2902.)  One- 
sixth  natural  size. 
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PRELIMINARY  AND  MINOR  PAPERS 


WINTER  SPRAYING    WITH    SOLUTIONS   OF   NITRATE 

OF  SODA^ 

By  W.  S.  Baixard,  Paihologist,  Fruii-Diseast  Investigations,  Bureau  of  Plant  Indus- 
try, and  W.  H.  Voices,  County  Horticultural  Commissioner  of  Santa  Cruz  County, 
California. 

INTRODUCTION 

Recently  several  investigators*  have  reported  results  in  shortening 
the  rest  period  of  a  ntunber  of  woody  plants  by  immersing  the  dormant 
shoots  in  weak  nutrient  solutions  or  by  injecting  solutions  of  alcohol, 
ether,  and  various  adds  into  the  twigs.  These  experiments  have  been 
conducted  in  the  laboratory  with  short  cuttings  of  the  plants.  The 
effect  of  such  treatment  has  been  to  force  the  dormant  buds  out  several 
days  ahead  of  the  normal  opening  period. 

During  the  last  two  years  the  waters  have  obtained  similar  and  addi- 
tional results  on  a  much  larger  scale  by  spraying  dormant  fruit  trees 
with  strong  solutions  of  certain  commeraal  fertilizers,  especially  nitrate 
of  soda.  Since  these  experiments  have  been  conducted  on  the  entire 
trees  in  the  orchard,  it  has  been  possible  to  observe  the  effects  throughout 
the  whole  season.  The  investigations  have  not  yet  been  carried  far 
enough  to  permit  drawing  any  conclusions  regarding  the  physiologic 
action  of  such  spra3dng,  but  because  of  its  practical  vsdue  these  prelimi- 
nary restilts  seem  deserving  of  attention  at  this  time. 

EXPERIMENTS  IN  1912 

In  the  course  of  the  investigations  of  the  writers  on  the  control  of 
^>ple  powdery  mildew  in  the  Pajaro  Valley,  Cal.,  it  became  evident 
that  the  general  vigor  of  the  tree  and  the  thrif tiness  of  the  foliage  growth 
had  much  to  do  with  the  success  of  the  summer  spraying  treatment 
for  the  control  of  the  mildew,  and  after  a  number  of  experiments  in 
applying  plant-food  materials  to  the  foliage  in  the  form  of  summer 
sprays,  and  after  seeing  that  certain  crude-oil  emulsions  used  as  dormant 
^rays  had  a  marked  effect  in  stimulating  an  increased  vigor  of  the  trees 
the  following  spring,  it  was  decided  to  try  the  effect  of  a  strong  solution 
of  nitrate  of  soda  as  a  winter  or  dormant  spray.  Caustic  potash  (potash 
lye)  was  also  added  for  the  purpose  of  giving  the  spray  an  insecticide 
value.    The  mixture  was  prepared  according  to  the  following  formula: 

Nitrate  of  soda 50  pounds. 

Caustic  potash 7  pounds. 

Water 50  gailonsw 

The  experiment  was  conducted  in  a  Yellow  Bellflower  apple  orchard 
owned  by  Mr.  O.  D.  Stoesser,  of  Watsonville,  Cal.    This  orchard  is 

1  These  investicatioas  were  conducted  in  cooperation  between  the  Office  ct  Fruit-I>i9ett9e  Inyestl- 
otions  of  the  Bureau  of  Plant  Industry  and  the  Office  of  the  County  Horticultural  Commissioner  of  Sant* 
Cna  County,  located  at  Watsanvilk,  Cal.    The  writers'  names  appear  above  in  alphabetical  order. 

*  See  references  to  literatnre.  p.  444« 
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sittiated  about  5  miles  from  the  ocean  shore  and  is  in  a  district  that  b  more 
subject  to  ocean  fogs  and  trade  winds  than  is  the  main  portion  of  the 
Pajaro  Valley.  It  is  a  common  characteristic  of  the  ntunerous  orchards 
of  Yellow  Bellflower  apples  of  this  particular  district  that  they  bloom 
abundantly,  but  set  only  a  partial  crop.  The  trees  are  on  a  deep  sedimen- 
tary soil  and  grow  well. 

Seven  12-year-old  trees  were  spra)red  on  February  2,  1912.  The  appli- 
cation was  very  thoroughly  made,  so  that  all  of  the  small  twigs  were 
drenched.  About  7  gallons  of  spray  solution  were  applied  to  each  tree. 
Adjoining  this  row  on  one  side  was  a  check  row  of  seven  trees  which  received 
jio  winter  spraying,  and  on  the  other  side  were  several  rows  of  seven  trees 
each  which  receiv^  various  applications  of  crude-oil  emulsions  and  soaps. 
For  the  purpose  of  gaining  some  idea  of  the  effect  of  nitrate  of  soda 
used  as  a  fertilizer,  50  potmds  were  applied  as  a  surface  dressmg  to  one 
vigorous  tree  selected  from  the  row  adjoining  the  nitrate-sprayed  row. 
This  fertilizer  was  later  plowed  in  and  washed  down  by  the  rains. 

EFFECTS  ON  BLOSSOMING  AND  ON  THE  FOUAGE 

Notes  taken  at  the  time  the  trees  were  coming  out  in  the  spring  show 
the  following  results: 

April  7,1912.  Trees  in  the  row  sprayed  with  nitrate  of  soda  and  lye  are  well  in  hloom, 
while  those  in  the  check  row  adk>inine  and  in  the  remainder  of  the  unsprayed  orchard 
are  showing  only  an  occasional  flower  tuUy  opened. 

April  14,  19x2.  The  relative  advancement  of  the  tow  sprayed  with  a  solution  ot 
nitrate  of  soda  and  lye  and  the  check  plat  is  the  same  as  notea  on  April  7.  Thenitrate- 
^rayed  trees  are  nearly  in  full  bloom,  whereas  comparatively  few  blossoms  ha^ 
opened  on  the  check  plat. 

When  the  check  row  had  reached  full  bloom,  the  tow  sprayed  with  a  solution  01 
nitrate  of  soda  and  lye  was  practically  out  of  bloom. 

Thus,  the  nitrate  spraying  advanced  the  blossoming  time  about  two 
weeks  ahead  of  the  normal  period.  It  is  characteristic  of  the  YeBow 
Bellflower  variety  of  apples  in  the  Pajaro  Valley  that  the  foliage  buds 
come  out  early,  so  that  by  the  time  the  full-bloom  period  is  reached  the 
trees  are  showing  a  considerable  amount  of  young  foliage.  The  nitrate 
spraying  produced  a  change  in  this  respect.  While  the  flower  buds  were 
greatly  stimulated  in  coming  out,  the  foliage  buds  were  not  so  much 
affected,  and  the  result  was  that  when  the  trees  spra)red  with  a  solution  of 
nitrate  of  soda  and  lye  were  in  full  bloom  and  two  weeks  in  advance  of 
the  check  trees  in  that  regard,  their  foliage  condition  was  relatively  nearer 
that  of  the  check.  Plate  L  shows  the  comparative  stages  of  the  nitrate- 
sprayed  and  the  check  trees  at  that  time.  A  decided  contrast  will  be  seen 
in  the  relative  advancement  of  the  bloom  on  the  tree  sprayed  with  nitrate 
of  soda  (PI.  L,  fig.  i)  as  compared  with  the  check  tree  (PI.  L,  fig.  2).  This 
contrast  is  shown  more  in  detail  in  Plate  LI,  in  which  figure  i  shows  a 
branch  from  a  nitrate-sprayed  tree,  while  figure  2  shows  one  from  a  check 
tree.  Both  branches  were  collected  on  the  same  day.  An  examination 
of  the  figures  in  Plate  L  will  show  that  the  advancement  of  the  foliage  on 
the  nitrate-sprayed  tree  is  comparatively  less  marked  than  that  of  the 
bloom.  This  same  condition  is  shown  in  detail  in  Plate  LI,  in  which  it 
will  be  seen  that  there  is  relatively  little  difference  in  the  advancement  of 
the  foliage  of  the  sprayed  and  tmsprayed  branches.  Later  in  the  spring, 
however,  the  effect  on  foliage  growth  became  more  pronoimced,and  the 
sprayed  trees  assumed  a  more  vigorous,  green  appearance  than  tie  check 
trees.  The  single  tree  that  received  the  50  pounds  of  nitrate  of  soda 
applied  to  the  soil  showed  no  greater  vigor  than  the  check  trees. 
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Both  the  row  sprayed  with  nitrate  of  soda  and  the  check  row  received 
summer  sprayings  directed  toward  the  control  of  apple  powdery  mildew 
and  of  codling  moth  and  various  other  insect  pests.  While  the  treatment 
of  the  two  rows  was  not  the  same,  there  was  no  essential  difference  in 
the  restdts — that  is,  the  crop  loss  from  codling  moth  and  other  insect 
pests  did  not  exceed  i  per  cent  on  either  plat  and  there  was  no  damage 
to  the  fruit  from  stunmer  spraying.  It  is  therefore  evident  that  the 
difference  which  showed  up  in  the  crop  production  of  the  two  rows  must 
be  attributed  to  the  winter  nitrate  spraying. 

CROP  RESULTS 

The  check  row  of  seven  trees,  which  received  no  winter  spraying  but 
which  .was  properly  protected  by  summer  sprayings,  produced  8  loose  boxes 
of  fruit  at  picking  time.  On  the  other  hand,  the  aidjoining  row,  spra)red 
in  February  with  the  solution  of  nitrate  of  soda  plus  lye,  produced  a 
total  of  a  little  over  40  boxes.  Thus,  the  winter  nitrate  spraying  in- 
creased the  crop  production  to  fully  five  times  that  of  the  unsprayed  row. 
Similar  adjacent  plats,  which  were  winter-sprayed  with  various  crude-oil 
emulsions  and  soap  spra)^,  produced  crops  varying  from  5  to  9  boxes 
per  plat.  The  single  tree  which  received  the  50  pounds  of  nitrate  of 
soda  applied  as  a  fertilizer  gave  no  increased  production,  whereas  none 
of  the  trees  in  the  nitrate-sprayed  row  failed  to  respond. 

Regarding  the  single,  heavily  fertilized  tree,  it  might  be  stated  that  in 
addition  to  its  showing  no  increase  in  production,  the  tree  bloomed  no 
earlier  than  normal,  there  was  no  improvement  in  the  growth  and  no 
change  in  its  general  appearance  throughout  the  growing  season  of  191 2, 
and  in  the  spring  of  191 3  it  came  out  normally  and  not  differently  from 
the  other  trees  in  the  same  row,  being  one  of  the  trees  in  a  check  plat. 
The  tree  is  still  in  normal  condition  and  shows  no  noticeable  effect  from 
the  heavy  fertilizing.  The  orchard  is  not  irrigated,  and  the  rainfall  has 
been  much  less  than  normal  during  the  last  two  years. 

Attention  might  again  be  called  to  the  conditions  tmder  which  these 
results  were  obtained — ^namely,  thrifty-growing  trees  in  a  deep  residual 
soil  and  having  the  characteristic  of  blooming  abundantly  each  year 
but  setting  only  a  shy  crop.  Even  the  40  boxes  produced  by  the  nitrate 
spraying  does  not  represent  the  full  crop  that  such  trees  should  bear, 
but  the  fourfold  increase  much  more  than  paid  for  the  cost  of  spra3dng, 
and  the  possibility  remains  of  still  further  increasing  that  production  by 
similar  treatment  in  following  years. 

EXPERIMENTS  IN  1913 

The  one  small  experiment  on  seven  trees  in  191 2  did  not  furnish  suf- 
ficient grotmds  for  drawing  any  general  conclusions  as  to  the  applicability 
of  winter  nitrate  spraying,  but  the  striking  results  obtained  opened  a 
wide  field  of  inquiry.  For  instance,  potash  lye  was  added  to  the  solu- 
tion of  nitrate  of  soda  in  the  experiment  of  191 2,  so  the  questions  arise 
as  to  whether  the  lye  was  necessary  and  whether  an  add  medium  would 
increase  or  decrease  the  effect  of  the  nitrate  of  soda;  also,  would  a 
weaker  nitrate  solution  prove  as  effective  and  wotdd  other  nitrogen-bear- 
ing fertilizer  materials,  such  as  lime  nitrate,  lime  cyanamid,  and  sulphate 
of  ammonia,  give  similar  results?  Following  along  this  line  it  would 
be  interesting  to  know  what  effect,  if  any,  the  other  fertilizer  elements, 
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potash  and  phosphoric  add,  might  have  when  applied  as  sprays,  and 
finally,  what  results  might  be  obtained  from  a  similar  application  of  other 
substances  not  ordinanly  considered  as  having  any  pisirticular  fertilizer 
value. 

Experiments  intended  to  answer  these  and  a  number  of  other  more 
or  less  important  questions  were  started  in  February,  1913,  in  the  same 
orchard  in  which  the  previous  year's  work  was  done.  Eleven  13-year- 
old  trees  were  used  in  each  plat.  A  frost  occurred  at  the  time  the  fruit 
was  setting  which  ruined  the  crop  and  made  it  impossible  to  obtain 
results  in  crop  production.  Data  were  obtained,  however,  on  the  effect 
of  the  various  sprays  on  the  blossoming  of  the  trees  in  the  spring,  and 
the  notes  taken  may  be  summarized  as  follows: 

The  plats  sprayed  with  nitrate  of  soda  at  the  rate  of  i  pound  to  the 
gallon  came  into  bloom  earlier  than  the  check  trees,  just  as  they  had  done 
in  191 2.  This  effect  was  more  marked  in  the  cases  in  which  lye  was 
added  to  the  nitrate  solution  than  when  the  plain  water  solution  was 
used — that  is,  the  addition  of  lye  in  the  proportion  of  16  pounds  of  caus- 
tic soda  in  100  gallons  of  spray  solution  increased  the  action  of  the  nitrate 
of  soda  in  bringing  the  trees  out  earlier.  Caustic  soda  appeared  to  be 
just  as  effective  as  caustic  potash.  Nitrate  of  soda  used  at  the  rate  of 
half  a  pound  to  the  gallon,  either  with  or  without  the  addition  of  lye,  was 
not  nearly  so  effective  as  a  solution  of  i  pound  to  the  gallon.  A  solution 
of  one-foiuth  of  a  pound  to  the  gallon,  with  lye  added,  had  practically  no 
effect.  Nitrate  of  soda,  at  the  rate  of  i  pound  to  the  gallon,  to  which 
oxalic  acid  was  added  in  the  proportion  of  50  pounds  to  125  gallons  of 
solution,  produced  results  similar  to  nitrate  of  soda  plus  lye,  so  far  as  the 
effect  of  hastening  the  blooming  period  is  concerned.  Lime  nitrate,  130 
pounds  in  100  gallons  of  water,  and  lime  cyanamid,  92  pounds  in  100  gal- 
lons of  water,  stimulated  an  earlier  blooming  of  the  trees,  and  subsequent 
experiments  will  probably  put  these  substances  in  a  class  with  nitrate  of 
soda.  Normal  Yellow  Bellflower  apple  blossoms  have  considerable  pink 
color,  and  it  was  interesting  to  note  that  when  the  trees  sprajred  with  the 
lime  cyanamid  came  into  bloom  the  flowers  were  nearly  white.  The 
effects  from  sulphate  of  ammonia  were  not  nearly  so  marked  as  those 
from  nitrate  of  soda.  These  various  nitrogen-bearing  fertilizer  sub- 
stances were  used  in  such  strengths  as  to  carry  relatively  the  same  quan- 
tities of  nitrogen  per  gallon.  Siilphate  of  potash  had  some  effect  in  stimu- 
lating an  early  blooming,  but  double  superphosphate  did  not.  Of  a  num- 
ber of  other  substances  tried,  common  salt  used  at  the  rate  of  68  pounds 
to  100  gallons  of  water  produced  a  distinct  effect. 

It  will  be  borne  in  mind  that  the  above  remarks  apply  simply  to  the 
effects  of  the  various  sprays  in  causing  an  earlier  blooming  of  the  trees, 
but  since  this  early  blooming  was  a  striking  characteristic  of  the  nitrate- 
sprayed  trees  of  191 2,  which  showed  a  fourfold  increase  in  production,  it 
seems  permissible  to  conclude  that  this  effect  on  the  fruit  buds  is  some 
criterion  of  what  might  have  been  expected  in  the  way  of  crop  increase 
had  not  the  fruit  been  lost  by  frost. 

The  row  of  seven  trees  used  in  the  nitrate  experiment  of  191 2  was  left 
unsprayed  this  last  season  for  the  purpose  of  determining  whether  the 
nitrate  effect  would  continue  to  the  second  year.  It  was  noticed  that  the 
fruit  buds  on  these  trees  were  particularly  large  and  plump,  and  some- 
what unexpectedly  at  blossoming  time  these  trees  came  into  bloom  several 
days  ahead  of  the  check  rows.  The  bloom  came  out  very  uniformly  all 
over  the  trees,  whereas  ordinarily  it  is  considerably  delayed  on  the  wind- 
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ward  side.  Also,  the  individual  blossoms  were  conspicuously  larger  than 
those  of  any  other  plat,  and,  so  far  as  could  be  judged  at  the  time  the 
frost  occurred,  a  good  crop  was  setting  all  over  the  trees.  Thus,  it  ap- 
pears that  this  effect  of  the  nitrate  of  soda  had  continued  over  to  the 
second  year. 

At  present,  all  things  considered,  the  best  results  have  been  obtained 
by  using  a  mixture  made  up  as  follows : 

Nitrate  of  soda 200  pounds. 

Caustic  soda 25  pounds. 

Water 200  gallons. 

In  preparing  this  solution  the  required  quantity  of  water  was  placed 
in  the  spray  tank  and  the  agitator  started.  When  the  waterwasinmotion, 
the  required  weight  of  nitrate  of  soda  was  added  gradually.  Any  large 
lumps  were  first  broken  up  into  pieces  about  the  size  of  hen's  eggs.  The 
caustic  soda  was  then  added,  and  in  about  15  minutes  from  the  time  the 
preparation  was  begun  the  mixture  was  ready  for  applying. 

The  trees  were  very  thoroughly  sprayed  on  all  sides,  so  that  all  of  the 
small  twigs  were  drenched.  The  best  results  so  far  obtained  have  come 
from  the  spraying  applied  about  the  ist  of  February.  Of  course, 
weather  conditions  must  be  taken  into  consideration.  A  rain  immedi- 
ately following  the  application  will  wash  much  of  the  material  off  of  the 
trees,  and  it  is  probable  that  at  least  a  week  of  clear  weather  should 
follow  the  spraying,  in  order  to  insure  good  results. 

In  all  of  this  work  on  spraying  a  solution  of  nitrate  of  soda  on  the  trees 
a  considerable  quantity  fell  to  the  ground,  and  the  question  will  be  raised 
as  to  whether  the  various  effects  observed  have  not  been  simply  the  re- 
sult of  the  fertilizer  action  of  the  nitrate  on  the  soil.  About  7  gallons  of 
the  solution  were  used  in  spraying  each  tree,  and  if  the  whole  of  this  had 
gone  on  the  grotmd  it  would  have  amounted  to  about  7  pounds  of  ni- 
trate of  soda  per  tree.  The  single  tree  in  191 2  that  had  the  50  potmds  of 
nitrate  appli^  to  the  soil  therefore  received  over  seven  times  the  total 
quantity  applied  to  any  single  sprayed  tree.  As  has  been  previously 
stated,  this  single,  excessively  fertilized  tree  bloomed  no  earlier  than 
normal,  produced  no  increased  crop,  and  showed  no  improvement  in 
general  vigor  and  appearance;  whereas,  none  of  the  trees  in  the  sprayed 
plat  failed  to  respond  in  all  of  these  particulars.  Of  course,  this  single  tree 
test  in  the  application  of  nitrate  to  the  soil  is  too  small  an  experi- 
ment to  permit  concluding  positively  that  the  effects  that  we  have 
reported  from  the  spraying  experiments  are  of  an  entirely  different  nature 
and  belong  in  a  different  category  from  those  produced  by  the  ordinary 
soil  application  of  nitrate.  A  careful  consideration  of  the  results  of 
ordinary  orchard  practice  in  fertilizing  seems  to  make  it  plain  that  there 
is  no  similarity  between  them  and  the  results  from  spraying.  For 
instance,  in  the  usual  practice  of  applying  nitrate  of  soda  as  a  fertilizer  to 
apple  orchards  in  the  region  of  Watsonville,  Cal.,  a  winter  or  early  spring 
application  does  not  force  the  bloom  out  10  days  or  2  weeks  ahead  of  the 
normal  opening  period  and  has  had  no  measurable  effect  in  increasing 
the  set  of  fruit  that  same  year.  The  fact  that  the  addition  of  caustic 
soda  or  oxalic  add  to  the  nitrate  spray  augments  these  various  effects 
further  emphasizes  the  difference  between  the  results  from  spra3dng  and 
the  ordinary  results  from  the  application  of  fertilizer.  Caustic-soda 
solution  alone  applied  as  a  spray  has  no  effect  on  the  time  of  blooming  or 
the  crop  production. 
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CoMiCB. — ^The  major  portian  of  the  block  was  grayed  with  a  plain  water  solution 
of  nitrate  of  soda  at  the  rate  of  i  pound  to  the  gallon.  A  small  portion  was  sprayed 
with  commercial  lime-sulphur  solution,  diluted  i  to  9,  with  nitrate  of  soda  added 
at  the  rate  of  z  pound  to  the  gallon  of  diluted  spray.  Through  a  misunderstanding 
the  men  doing  the  n>raying  idt  no  check  rows  in  this  block,  so  that  crop  data  couln 
not  be  obtained.  However,  Mr.  Reed's  exact  knowledge  of  the  previous  productiod 
of  this  block  as  a  whole  indicates  that  the  marked  increasedpioduction  this  last 
season  was  more  than  probably  due  to  the  nitrate  spraying.  The  Comice  is  a  rela- 
tively shy  bearer,  and  a  valuable  pear  commercially,  so  that  any  increased  production 
that  could  be  obtained  by  nitrate  spraying  would  be  mucn  appreciated  b^  the 
grower.  One  portion  of  the  block  that  regularly  produces  less  than  the  remainder 
gave  a  good  crop  this  year,  and  it  appeared  that  the  addition  of  the  lime-sulphur 
solution  augmented  the  effect  of  the  nitrate  of  soda  just  as  the  addition  of  lye  has 
done  in  the  experiments  of  the  writers. 

Glout  Morcsau. — ^A  block  of  Glout  Morceau  pears  was  sprayed  with  the  combi- 
nation of  lime-sulphur  solution,  diluted  i  to  9,  plus  nitrate  of  soda  i  pound  to  the 
gallon  of  diluted  spray.  This  block  had  never  produced  a  full  crop,  and  while  no 
tmsprayed  checks  were  left,  the  increased  production  this  year  would  appear  to  be 
due  to  the  nitrate  spraying. 

Winter  Nbus. — A  block  of  Winter  Nelis  pears  was  sprayed  with  a  solution  of 
nitrate  of  soda  i  pound  to  the  gallon  of  water.  No  lime-sulphur  solution  was  added 
in  this  case.  No  check  rows  were  left,  and  a  frost  destroyed  a  large  percentage  of 
the  fruit  after  it  had  set.  However,  at  that  time  the  trees  were  carrying  the  largest 
crop  they  had  ever  produced,  and  again  it  would  appear  that  the  nitrate  spraying 
had  had  a  beneficial  effect.  The  trees  came  into  bloom  about  10  days  ahead  <3 
normal  opening  period. 

DISCUSSION  OF  RESULTS  AND  SUMMARY 

It  is  not  the  vniters'  intention  to  convey  the  impression  that  dormant 
spraying  with  nitrate  solutions  will  solve  the  problem  of  shy  bearing  of 
fruit  trees  nor  offer  a  more  advisable  method  of  applying  nitrogen 
fertilizer.  The  purpose  of  this  paper  is  simply  to  present  the  results 
as  they  now  stand. 

It  is  evident  that,  at  least  under  certain  conditions,  some  varieties  of 
apples  and  pears  that  are  more  or  less  self-sterile  may  have  their  crop 
production  materially  increased  by  dormant  spraying  with  solutions  of 
nitrate  of  soda  plus  lye.  The  combination  of  a  solution  of  nitrate  of  soda 
and  lime-sulphur  is  apparently  capable  of  bringing  similar  results. 

Actual  quantitative  data  on  increased  production  from  spraying  with  a 
solution  of  nitrate  of  soda  are  available  from  only  one  source,  that  of 
the  first  experiment  on  Yellow  Bellflower  apples  in  191 2.  No  production 
records  were  obtainable  from  the  various  tests  made,  by  growers  during 
the  season  of  191 3,  but  the  one  test  on  Yellow  Bellflower  apples  and 
several  others  on  pears  indicate  that  such  an  increase  had  undoubtedly 
been  brought  about.  It  is  considered  that  the  growers'  knowledge  of 
the  crops  of  the  previous  years  as  compared  with  that  of  this  year  fur- 
nishes a  basis  for  conclusions  that  are  at  least  corroborative. 

That  nitrate  sprajring  of  dormant  trees  will  bring  about  an  earlier 
blooming  of  certain  varieties  of  fruit  is  a  satisfactorily  established  fact, 
which  has  been  demonstrated  on  Yellow  Bellflower  apples  at  Watson- 
ville,  Cal.,  and  on  various  varieties  of  pears  at  San  Jose,  San  Juan, 
and  Suistm,  Cal.,  during  the  past  season.  How  generally  this  statement 
will  apply  to  other  varieties  of  fi^ples  and  pears  and  in  other  localities 
remains  to  be  determined.  Results  on  stone  fruits  have  not  been  as 
striking  as  those  on  pears  and  apples,  but  it  is  possible  that  stronger 
solutions,  earlier  spraying,  or  a  repetition  of  the  spraying  in  successive 
years  may  bring  about  such  results. 
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greater  danger  of  injury  from  frost  that  might  result  from  forcing 
nto  bloom  earlier  than  normal  would  have  to  be  taken  into  con- 
tion  in  making  practical  use  of  nitrate  spraying  in  winter, 
le  from  the  effect  on  crop  production,  there  has  also  been  a  very 
able  improvement  in  the  color,  abundance,  and  vigor  of  the  foliage, 

seems  possible  that  nitrate  spra3dng  of  dormant  trees  may  be  a 
>le  supplement  to  the  ordinary  fertilizer  practices  in  obtaining 
results  in  orchards  suffering  from  lack  of  nitrogen. 

writers  will  make  no  attempt  at  present  to  explain  the  peculiar 
of  nitrate  of  soda  in  increasing  the  production  of  more  or  less 
irile  varieties  of  fruits,  or  in  improving  foliage  growth.  The 
rity  between  the  writers'   results  in  forcing  dormant  buds  by 

nitrate  spraying  and  the  results  obtained  by  other  investigators 
ating  cuttings  with  various  weak  solutions  has  been  mentioned 
)eriments  of  the  writers,  however,  a  more  or  less  lasting  effect  on 
s^or  of  the  foliage  and  also  some  valuable  results  in  increasing  crop 
:tion  have  been  obtained.  It  furthermore  appears  that  the  effects 
ed  by  spraying  virith  a  solution  of  nitrate  of  soda  may  continue 
3  the  second  year,  as  shown  by  the  original  plat  of  191 2,  which  was 
isprayed  in  the  winter  of  1913. 

effects  of  the  nitrate  spraying  seem  to  be  proportional  to  the 
th  of  the  solution  employed  and  the  thoroughness  with  which 
ipplied.     The  addition  of  caustic  soda  materially  increases  this 
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PtATE  LI.  Fig.  I. — A  branch  from  a  Yellow  Bellflower  tree  in  full  bloom  on  April  lo, 
19x3,  showing  the  effect  of  spraying  with  a  solution  of  nitrate  of  soda 
plus  caustic  soda  on  February  3  previous. 
Fig.  2. — ^A  branch  from  an  imsprayed  check  tree  for  comparison  with 
figure  I. 
The  illustrations  are  from  photographs  taken  on  the  same  day. 


Digitized  by 


Google- 


ADDITIONAL 
^lX  may  be  prcx 
IHT  OF  Docuii 
afflee,wadiingt( 

Babflcription,  pei 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


JOIIim  OF  AOfliraRAL  RESEARCH 

DEPARTMENT  OP  AGRICULTURE 


Vol.  I 


Washington,  D.  C,  March  25,  1914 


No.  6 


TYLOSES:  THEIR  CXICURRENCE  AND  PRACTICAL 
SIGNIFICANCE  IN  SOME  AMERICAN  WOODS 

By  Eix>iss  GSRRY» 
Microscopist,  Forest-Products  Laboratory,  Forest  Service 

GENERAL  DESCRIPTION  OF  TYLOSES 

The  large  open  pores  or  vessels  conspicuous  in  hardwoods  frequently 
become  closed  by  growths  called  tyloses.*  These  growths  render  the 
wood  practically  impermeable  to  air  and  liquids.  On  the  split  surfaces 
of  a  wood  such  as  white  oak  or  pignut  hickory  the  tyloses  appear  in  the 
vessel  channels  as  glistening  cellular  growths  resembling  masses  of  soap 
bubbles.  (PI.  LII,  fig.  i.)  These  masses  are  protrusions  from  the  living 
parench3rma  cells  of  the  wood  itself  into  adjacent  vessel  or  tracheid  cavi- 
ties. They  enter  at  the  thin  places  or  pits  in  the  wall  of  the  wood  ele- 
ments (see  PI.  LII,  figs.  2  and  3),  and  expand  t6  a  greater  or  less  degree. 
In  the  softwoods  (PI.  LVI,  fig.  i)  tyloses  are  relatively  small,  but  in  the 
hardwoods  they  frequently  form  bladderlike  sacs  of  considerable  size 
(PI.  LII,  figs.  2  and  3,  and  PI.  LIU,  figs,  i,  2,  and  3),  often  developing 
simultaneously  in  many  of  the  parenchyma  cells  surrotmding  the  tube- 
like vessel  cavities.  (PI.  LII,  fig.  3.)  Under  such  circumstances,  if 
growth  is  vigorous,  the  tylosal  sacs,  after  pushing  into  the  vessel  cavity, 
grow  together,  completely  filling  it.  In  this  way  the  ability  of  the 
vessel  to  conduct  air  or  liquid  is  effectually  checked.  (PI.  LIU,  figs,  i 
and  2.)  Sometimes,  however,  the  tylosal  growths  do  not  entirely  fill  the 
vessel,  and  only  a  clogging  action  results. 

The  purpose  of  this  study  was  to  determine  the  occurrence  of  tyloses  in 
the  most  important  commercial  species  of  native  woods  and  their  signifi- 
cance in  relation  to  the  adaptability  of  these  woods  to  certain  practical  uses. 

Observations  were  made  not  only  of  the  presence  or  absence  of  tyloses 
in  a  species,  but  also  of  the  extent  and  degree  of  development  and  the 
regions  (sapwood  or  heartwood)  where  the  growths  are  found. 

<  These  gnmths  received,  in  2845.  the  name  "Thylle"  (tyloses)  from  a  Gennan  botanist  who  signed  as 
fUngenannte,"  or  "miknown."  the  paper  discussing  them.  This  writer  is,  however,  believed  by  Boehm 
sod  Winkler  to  have  been  FrL  Hermine  von  Reichcnboch.  The  name  '*  Thylle"  is  derived  from  the  Greek 
ipotd  MUc,  mfantng  a  purse  or  sack.  The  occurrence  of  tyloses  was,  however,  noted  as  early  as  2675  by 
Malphigi,  in  the  drawing  of  a  cross  section  of  chestnut  wood.  They  are  also  given  the  descriptive  name 
«f  PiUbdIen,"  or  filling  cells,  by  the  Germans. 
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Only  a  brief  discussion  is  given  of  the  causes  leading  to  the  formation 
of  tyloses  or  of  their  function  in  the  living  plant,  since  studies  for  this 
purpose  have  already  been  made  by  other  investigators. 

MORPHOLOGICAL  RELATIONS  OF  TYLOSES  IN  WOODY  TISSUE 
ORIGIN   AND  DEVELOPMENT 

A  tylose  can  not  be  considered  as  a  distinct  cell,  for  as  a  rule  a  cell  is 
defined  as  a  body  consisting  of  cell  substance,  cell  wall,  and  cell  nucleus. 
With  very  rare  exceptions  (Molisch)  *  a  tylose,  as  found  in  woody  tissue, 
is  not  completely  surrounded  by  a  wall  and  has  no  nucleus.  It  is  only  a 
portion  or  prolongation  of  a  wood  or  medullary-ray  parench3mia  cell. 
(PI.  LII,  figs.  2  and  3 ;  PI.  LVII,  fig.  2.)  Frequently  more  than  one  tylose 
is  formed  from  one  parench3mia  cell,  but  only  one  active  nucleus — that  of 
the  parench)ana  cell — ^is  present,  though  this  may  be  fotmd  in  one  of  the 
tyloses.  (PI.  LII,  fig.  3.)  A  parenchjona  cell  which  has  given  rise  to 
two  tyloses  is  shown  in  Plate  LII,  figure  2. 

The  growing  or  arching  out  of  tyloses  has  been  found  to  follow  a  re- 
duction in  internal  pressure  or  cessation  in  sap  conduction  in  the  large 
vessels.  When  this  occurs,  the  living  parenchyma  cells,  which  possess  a 
considerable  growth  potential,  expand  and  press  into  the  adjacent  empty 
vessel  cavities.  In  pitted  vessels  this  expansion  is  localized  in  the  thin 
unlignified  membranes  of  the  one-sided  bordered  pits  which  are  present 
on  the  dividing  walls  between  vessels  or  tracheids,  and  parenchyma 
(De  Bary;  Green;  Haberlandt;  Hanausek;  Molisch;  Rees;  Russow;  Sachs; 
Strasburger;  and  Winckler).  These  membranes  contain  plasma  and 
therefore  possess  the  power  of  growth.  The  internal  pressure  of  the 
turgid  parenchyma  cells,  when  exerted  against  these  relatively  thin  spots 
or  pits,  causes  the  pit  membranes  to  stretch  and  grow  by  intussusception* 
(Green;  MoUsch).  The  protrusions  increase  gradually  in  size  and  finally 
develop  into  the  characteristic  bladder-shaped  sacs  known  as  tyloses.  An 
open  passage  through  the  space  previously  occupied  by  the  luistretched 
closing  membrane  of  the  pit  is  formed  in  this  way  between  the  tylose  and 
the  parenchyma  cell.  (PI.  LII,  fig.  2.)  The  contents  of  the  tylose  are 
therefore  the  same  as  those  of  the  parenchyma  cell. 

NORMAI<   AND   ABNORMAI.  TYUDSE   FORMATION 

It  has  been  shown  beyond  doubt  that  the  wounding  of  trees  through 
cuts  or  bruises  or  at  the  points  where  branches  are  broken  off  tends  to 
stimulate  tylose  formation,  and  throughout  the  study  this  mode  of 
tylose  formation  has  been  constantly  borne  in  mind.  Generally,  how- 
ever, tyloses  are  not  due  to  wounding.  They  are  a  characteristic  feature 
of  the  normal  uninjured  wood  of  many  families  of  trees.     Nevertheless, 

*  Bibliosraphic  citations  in  parentheses  refer  to  "  literature  dted, "  pp.  46^469. 

*  "  Intussusception ' '  means  in  botany,  according  to  NagSli.  the  growth  of  cell  walls  by  the  irregular  tntc^ 
positicm  ci  new  solid  particles  between  those  already  in  existence. 


Digitized  by 


Google 


Mar.  *5. 1S14  Tyloses  in  A  merican  Woods  447 

the  wood  produced  by  felling  the  tree  may  have  an  important  bearing  on 
the  presence  of  tyloses  in  the  outer  rings  of  a  log,  where  the  parenchyma 
cells  are  still  living  and  capable  of  growth.  It  is  possible  to  find  in  these 
rings  young  or  old,  or  large  and  small,  tyloses  together  in  the  same  vessel. 
(PL  LIV,  ^3.)  Although  exceptions  have  been  noted,  the  idea  that  a 
considerable  number  of  the  outer  rings  are  entirely  free  from  tyloses 
has,  however,  been  very  generally  accepted  (Strasburger).*  The  data 
obtained  from  the  present  study  show  that  there  is  a  very  considerable 
formation  of  tyloses  in  the  outer  rings  of  the  sapwood.  The  question 
then  arose  as  to  whether  these  sapwood  tyloses  were  of  normal  origin  or 
whether  they  were  due  to  some  wound  stimulus,  such  as  the  felling  of 
the  tree.  It  was  finally  concluded  that  they  were  normally  formed 
tyloses,  because  their  development  throughout  the  vessels  was  very 
uniform  instead  of  being  sporadic  or  irregular,  as  in  the  case  of  tyloses 
associated  with  wounds  (PI.  LIV,  Ri  and  R2),  and  because  an  exami- 
nation of  branches  from  living  trees  of  Rhus,  the  sumach,  Catalpa,  and 
Robinia,  the  black  locust,  made  immediately  after  cutting,  confirmed  the 
other  observations  of  the  relatively  early  formation  of  tyloses  in  many 
species.  In  material  which  was  not  received  for  examination  until 
several  weeks  after  it  was  cut,  thin,  irregularly  distributed  tyloses  were 
often  found  in  the  outer  vessels,  though  the  latter  must  have  been  func- 
tioning in  sap  condition  at  the  time  the  tree  was  felled. 

It  is  noteworthy  also  that  in  this  study  tyloses  were  found  to  reach  the 
most  remarkable  development  in  ring-porous  woods,  such  as  oak,  hickory, 
black  locust,  or  osage  orange.  (PI.  LIU,  figs,  i  and  3,  and  PI.  LVI, 
fig.  2.)  In  woods  where  tyloses  are  few  and  scattered  there  is  consider- 
able variation  from  specimen  to  specimen  in  the  actual  number  of  tyloses 
present.  This  tendency  is  clearly  shown  in  the  woods  of  the  diffuse 
porous  group.  (Table  II.)  It  is  also  noticeable  that  in  the  two  or  three 
rings  surroimding  the  pith  in  a  diflfuse  porous  wood  tyloses  are  often 
much  more  abundant  than  elsewhere  in  either  the  heartwood  or  sapwood. 

EFFECT  OP  THE   DISTRIBUTION  OF  PARENCHYMA  TISSUE 

Since  tylose  formation  depends  upon  the  presence  of  parenchyma  cells 
either  in  the  form  of  wood  parenchyma  or  medullary  rays  in  close  prox- 
imity to  vessels  or  tracheids,  the  variation  in  position,  abimdance,  and 
vitality  of  these  cells  affords  at  least  a  partial  explanation  of  the  irregtilar 
development  of  tyloses  in  different  species  of  wood.  Parenchyma  tissue 
is  considerably  developed  in  the  following  families  and  their  respective 
genera.*  This  study  has  shown  that  in  these  families  are  a  large  number 
of  native  woods  exhibiting  tyloses. 

*  Tyloses  are  .  .  .  instrumental  in  closing  the  water  coorses  of  the  heartwood.  .  .  .  These  are  intrusive 
Crowths  from  living  cells  which  penetrate  the  cavities  of  the  adjoining  tracheal  elements  during  the  transir 
tioa  of  sapwood  into  heartwood. 

*Solereder,  Hans.  Systematic  Anatomy  of  the  Dicotyledons  ...  v.  3.  p.  1143*  Oxford.  1908.  Certain 
other  woods  with  abundant  parendiyma  frequently  produce  gummy  substances  rather  than  tyloses. 
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Family.  Oenen. 

Cupuliferae  or  Fagacese Castanea,  Fagus,  Quercus. 

Juglandacee Hicoiia  Juglans. 

Papilionacese Robinia. 

Magnoliacese Liriodendfon,  Magnolia. 

Moracese Mortis,  Tozylon. 

The  arrangement  of  wood  parench3rma  cells  in  the  annual  ring  has 
been  divided  *  into  three  different  types,  as  follows: 

X.  Terminal  parenchyma,  which  is  situated  at  the  periphery  of  the  annual  growth 
ring,  on  the  outer  face  of  the  summer  wood. 

2.  Metatracheal  or  diffuse  parenchyma,  which  is  scattered  among  the  other  ele- 
ments in  the  ring,  usually  forming  tengential  bands. 

3.  Paratracheal  or  vasicentric  parenchyma,  or  parenchyma  cells,  aggregated  arotmd 
the  vesseb. 

TablS  I. — Native  woods  arouped  according  to  ike  degree  of  tylose  devthprneni  and  At 
most  marked  distribution  of  wood  parenchyma  in  ring,^ 

Abundant  Tylosbs.* 


Species. 

TypeoC 
parenchyma. 

Spedej. 

Typed 
parcndiynuL 

CatftlpA  q>4ciom 

Paratracheal. 
Do. 
Do. 

Hicoria  orata 

ParatradwaL 

Chilopris  Imf^nn 

Juglans  cinena 

Do. 

nigra 

Do. 

Rhushirta 

Do. 

Querelas  afba 

Do. 

Robinia  pseudacada 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Toxylon  pomif crum 

lyrata 

Do. 

Hicoria  *!ba 

lobaU 

Do. 

aquatica     

marrorar]^ 

Do. 

gUibra 

michauxu 

Do. 

Sidnosa 

minor 

Do. 

minima 

plataooides 

Do. 

myristicaeformis 

^^fifl^>i^ 

Do. 

odorata 

marilandica 

Do. 

Many  Tylosbs. 


Castanea  dentata MetatracheaL 

Cehis  ocddentalis Paratradieal. 

Eucalyptus  globulus Do. 

Pagus  atropunicea '  MetatracheaL 

Fraxinus  americana i  Paratracheal. 


Fnudnua  lanceolata 

profunda 

quadrangulata 
Sassafras  sassafras 


ParatradMal. 
Do. 
Do. 
Do. 


ScATTSRBD  Tncess. 


Acsculus  vetandra 

I4quidambar  stjrradflua 
Linodendron  tulipif era . . 
Magnolia  acuminata 

f  raseri 

glauca . . .' 


Scanty     para- 
tracheal. 
MeUtradieal. 
Terminal. 

Do. 

Do. 

Do. 


Platanus  ocddentaUs . . 

Populus  grandidentata 

tremvloMes. . 

trichocarpa. . . 

UlmuB  alata 

americana . . . . . 
pubescens 


MetatracheaL 
TerminaL 

Do. 

Do. 
ParstradicaL 

Do. 

Do. 


>  Jeffrey,  E.  C.    A  Natural  Classification  of  Woods. 

Holden.Ruth.  Some  features  in  the  anatcnny  of  the  Sapindaks.  In  Bot.  Gaz..  v.  53,  na  x.  p.  5»-s>« 
pi.  9-3.    I9I». 

<  The  data  here  given  ctmceming  the  distribution  of  parenchyma  were  obtained  from:  (i)  Solereder, 
Hans.  op.  dt.;  (a)  Jeffrey,  E.  C,  op.  dt.;  and  (t)  from  original  observations  made  during  the  study. 

*  By  "abundant"  is  meant  a  very  large  number.  "Many"  is  used  to  signify  a  oonsderable  number 
but  less  than  "abundant." 
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These  three  tjrpes  of  arrangement  and  the  degree  of  their  development 
bear  a  definite  rdation  to  the  development  of  tyloses,  since  they  indicate 
whether  the  parenchyma  cells  are  near  enough  to  the  vessel  cavities  to 
send  their  prolongations  into  them.  In  addition  to  the  wood  paren- 
chyma, the  position  and  number  of  the  medullary  rays  adjacent  to  the 
vessels  must  be  taken  into  accotmt.  A  grouping  of  the  species  of  wood 
with  the  twofold  object  of  indicating  the  distribution  of  tyloses  and  the 
arrangement  of  the  wood  parenchyma  clearly  brings  out  some  of  the 
reasons  why  tyloses  are  so  much  more  abundant  in  certain  woods  than 
in  others.  Wherever  the  paratracheal  or  vasicentric  t3^e  of  parench3rma 
is  well  developed,  the  tendency  for  marked  tylose  formation,  or  else  for 
gum  production,  is  very  noticeable.  From  Table  I  it  is  further  evident 
that  when  tyloses  are  strongly  developed  either  paratracheal  or  abundant 
metatracheal  parenchyma  is  always  fotmd. 

SHAPE,  THICKNESS  OF  WALL,  AND  CONTENTS  OF  TYLOSES 

The  shape  of  the  tylosal  projections  varies  widely.  They  are  some^ 
times  spherical,  or  again  they  appear  as  elongated  vesicles.  (PI.  LII, 
fig.  3;  and  PI.  LIII,  figs,  i,  2,  and  3.)  Often  when  the  walls  are  very 
thin  they  appear  much  collapsed  and  wrinkled  as,  for  instance,  in  ash 
or  the  wound  tyloses  in  cow  oak.  (PI.  LIV,  Ri,)  The  extent  to  which 
the  tylose  wall  increases  in  thickness  varies  also.  The  wall  may  be  an 
extremely  thin  delicate  membrane  as  found  in  ash  or  osage  orange  (PL 
LV,  fig.  2)  or  it  may  be  of  medium  thickness  as  in  oak.  (PL  LIII,  figs, 
I  and  2.) 

The  contents  of  the  tyloses  are  in  general  the  same  as  those  of  the  paren- 
chyma cells  producing  them.  Starch  is  common,  and  resin,  calcium 
crystals,  and  gums  have  also  been  observed. 

When  normal  parenchyma  cells  do  not  give  rise  to  tyloses,  the  so-called 
"gums"  (Prael)*  are  often  produced,  as  in  mesquite,  maple,  or  cherry. 
This  gum  usually  collects  in  the  vessels  (PL  LIII,  fig.  4)  and  parenchyma 
cells.  In  the  vessels  it  sometimes  asstmies  the  form  of  globules  or  drop- 
lets which  may  easily  be  mistaken  for  tyloses.  In  order  to  determine 
whether  gum  or  tyloses  are  present,  a  section  of  the  wood  may.  be  treated 
with  some  gum  solvent,  such  as  absolute  alcohol  or  caustic  soda.  When 
the  wood  is  dry,  the  gum  droplets  are  often  characteristically  cracked 
and  split.    Their  general  appearance  is  illustrated  in  Plate  LIII,  figure  4. 

MATERIAL  AND  METHODS  USED  IN  THE  STUDY 

The  material  used  for  this  study  of  tyloses  was  a  collection  of  logs  of 
commercial  size  from  native-grown  trees.  As  a  basis  for  the  study  of 
tyloses  this  material  was  unique,  since  most  of  the  work  of  other  inves- 
tigators has  been  done  not  on  wood  from  the  bole  of  the  tree,  but  on 

'  ''SdratzgununL" 
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branches,  twigs,  fxx)ts,  leaves,  vines,  herbaceous  plants  like  the  squash, 
or  on  such  of  the  lower  forms  as  ferns,*  and  did  not  cover  to  any  extent 
the  American  species. 

The  method  of  examining  the  wood  was  as  follows:  The  ends  of  the 
logs  which  form  the  collection  of  commercial  American  woods  (PI.  LDC, 
fig.  i)  of  the  Forest-Products  Laboratory  were  examined  with  a  hand 
lens.  Blocks  cut  from  these  were  also  studied  microscopically.  Small 
strips  extending  from  the  bark  through  the  trees  to  the  pith,  including 
the  sapwood,  the  so-called  transition  region,  and  the  heartwood,'  were 
cut  from  the  logs.  Microtome  sections  about  i  inch  by  one-half  inch 
in  area  and  5  to  20  micromillimeters  in  thickness  were  cut  from  the  three 
planes,  transverse,  radial,  and  tangential,  taken  from  each  of  these  dif- 
ferent regions  and  were  studied  under  the  compound  microscope.  The 
observations  for  hardwoods  are  given  in  Table  II.  Stains  were  often 
employed  to  differentiate  the  tissues,  and  macerations  were  made  with 
potassium  hydroxide  or  chromic  acid  for  special  studies  of  the  relations 
between  the  tylose  and  the  parench3rma  cell  producing  it.  Fresh  mate- 
rial from  seedlings  and  branches  was  also  examined,  in  order  to  deter- 
mine whether  the  sapwood  tyloses  were  of  normal  or  abnormal  origin. 

The  Forest-Products  Laboratory  collection  of  woods  begun  in  1 910  is 
not  yet  complete,  and  in  many  cases  only  one  log  of  a  species  was  available 
for  study.  Nevertheless,  the  majority  of  the  commercially  important 
species  are  included  in  the  laboratory  collection,  and  in  addition  to  the 
study  of  these  it  was  possible  to  make  further  observations  on  authentic 
material  of  a  number  of  other  important  species.  Moreover,  whenever 
two  or  more  specimens  of  the  same  species  were  examined,  results  were 

>  Thit  list  of  the  plant  genera  where  tyloaet  have  been  found  in  wood,  roots,  ksves.  or  other  portioos  if 
given  by  KOster.  It  indudct  Molisch's  observatioas  on  the  Vienna  wood  coDectiai  and  oither  material 
M  well  as  those  of  other  authon,  whose  namesare  given  in  parentheses  after  the  genera  tfacjr  Investigated, 


Abies  (Raatz). 

Adiyranthes. 

Aescuhis  (MafUe.  TIson). 

Alnus  (Tison). 

Ampekpsis. 

AristoiochU(Tlson). 

Artocaipus. 

Arundo. 

Asarum. 

Banisteria. 

Begonia. 

Betula. 

Bigonia. 

Boehmeria. 

Broussonetia. 

Byrooia. 

Canna. 

Carica. 

Carya. 

Cassis. 

Castanea. 

Catalpa. 

CclUs. 

Chiliantns. 

dadrastis  (Tison). 


Coccoloba. 

Coletis. 

Convolvulus  (DutaiUy). 

Comus  (MaiUe). 

Corypha. 

Cucuinis. 

Cucufbita. 

Cuspidaria. 

Dahlia. 

Diospyros. 

Elaeagnus. 

Euphorbia. 

Fagus. 

Picus. 

Praxinus. 

Gleditsia  (Tison). 

Hammamriis  (Tison). 

Kedera. 

Hedydiuim. 

HeUconia. 

Humulus  (TubeuQ. 

Inula. 

Jatropha. 

Jugkuis. 

Koelreutetia. 

Latania. 


Lauras. 

Fortnlacca. 

Ligustrum. 

Prunus  (Wieler). 

Loranthus. 

Loxapteryguim. 

Qaercus. 

Machura. 

Rhus. 

Mansoa. 

Ridnoa. 

Maranta. 

Robinia. 

Micania. 

RosaOiUflle). 

Moras. 

Rubia. 

Musa. 

Rmnez  (DntaiOy). 

Odiroma. 

Salix. 

Olca. 

Sambucns. 

Ostrya. 
Pas^flora. 

Santalum. 

Sdiinus. 

Paulownia. 

Siderozyhun. 

PerilU. 

Solanun. 

PharbiUs. 

Sparmannia. 

Philodcndron. 

Strditzia. 

Phyllanthu^. 

Styinatophyllum. 

Picea  (Raatz). 

Taraxacum. 

Pinus  (RaaU). 

Thunbergia. 

Piratinera. 

Ulmus. 

Pistada. 

Urtka. 

Plantago. 

Vitis. 

Platanus. 

Xanthoxykm  (Tisoa). 

Populus. 

•  The  cross  section  of  a  mature  tree  may  be  divided  into  at  least  two  regions:  The  outer  or  last-fbnned 
rings,  variable  in  number,  which  are  termed  the  "sapwood"  or  "alburnum."  and  the  inner  rings  around 
the  pith  or  center  of  the  tree,  which  in  dry  material  arc  sometimes  indistinguishable  in  appearance  from 
aapwood.  but  which  are  more  often  definitely  marked  by  a  difference  in  color  and  are  then  tenicd  the 
"hcartwood"  or  "duramen."    (PL  LIX.  fig.  i.) 
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found  to  check  reasonably  well,  as  shown  in  Table  II.  The  greatest 
variation  occurs  in  the  species  in  which  tyloses  are  very  rare  or  else 
scatteringly  developed  and,  therefore,  where  their  practical  importance 
is  relatively  slight. 

OCCURRENCE  OF  TYLOSES  IN  NATIVE  HARDWOODS 

Table  II  gives  the  results  of  observations  made  on  the  distribution  and 
region  of  first  development  of  tyloses  in  143  specimens  of  hardwoods 
grown  in  the  United  States.  The  very  marked  development  of  tyloses 
in  certain  species  has  been  noted  in  Table  I. 

Special  attention  was  given  to  the  early  development  of  tyloses.  The 
results  show  their  presence  in  the  sapwood  of  all  the  species  in  which 
they  occur  in  the  heartwood.  The  hickories,  for  instance,  give  some 
interesting  data  concerning  the  occurrence  of  tyloses  in  sapwood.  It 
has  been  maintained  that  if  tyloses  ever  occurred  in  sapwood  they  would 
be  found  only  in  very  narrow  sapwood — ^that  is,  where  tiie  transition  from 
sap  to  heartwood  begins  at  the  end  of  the  first  or  second  year  after  the  ring 
is  formed,  as,  for  instance,  in  some  of  the  oaks.  In  the  hickories,  however, 
tyloses  are  always  present  in  the  sapwood,  and  are  generally  developed 
even  in  the  outermost  rings  as  abundantly  as  in  the  heartwood.  Plate 
LIII,  figure  3,  shows  a  cross  section  of  the  sapwood  of  pignut  hickory 
{Hicoria  glabra) ,  including  the  fourth  to  the  seventh  rings  in  from  the  bark. 
This  particular  tree  had  31  rings  of  sap,  or  uncolored  wood,  and  tyloses 
were  well  developed  in  the  very  outermost  rings.     (PI.  LIX,  fig.  i.) 

Tyloses  are  normally  lacking  in  the  red-oak  group,  although  there  are 
many  exceptions.  An  illustration  of  vessels  not  filled  by  tyloses  is  given 
by  those  in  the  middle  of  Plate  LIV,  /?2,  and  by  some  of  those  in  Plate 
LV,  figure  i.  In  some  cases  tyloses  occur  in  individual  vessels  in  species 
ordinarily  free  from  them,  as  Spanish  oak.  (Table  II.)  In  severalinstances 
the  few  scattered  tyloses  present  in  both  the  sapwood  and  heartwood 
have  a  rather  abnormal  appearance  and  are  associated  with  areas  of 
fungous  growth.  (Table  II,  Scarlet  oak.)  In  certain  species  of  the  red- 
oak  group,  however,  as  blackjack  oak  (Quercusmarilandica),  tyloses  are 
very  generally  developed  in  both  the  sapwood  and  heartwood. 

In  the  white  oaks,  in  contrast  to  the  red-oak  group,  tyloses  are  generally 
very  abundant,  even  in  the  outermost  rings.  Some  of  the  white  oaks 
where  tyloses  are  slow  in  forming  show  striking  examples  of  the  growth 
and  development  of  the  tylose  in  its  early  stages.  This  is  illustrated  in 
Plate  LII,  figure  3,  which  is  a  reproduction  of  a  photomicrograph  of  a 
cross  section  of  California  white  oak,  or  valley  oak  (Quercus  lobaia),  show- 
ing a  piece  of  the  sapwood  next  to  the  bark.  Fragments  of  the  bark  may 
be  seen  at  the  top  of  the  illustration.  The  relatively  small  bladderlike 
cells  here  shown  increase  in  size  until  they  grow  together  and  fill  the 
vessels  as  shown  at  the  bottom  of  this  illustration  and  in  Plates  LIU, 
figures  I,  2,  and  3,  and  LV,  figure  2. 
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TYLOSES  IN  SOFTWOODS 

Coniferous  or  softwoods  lack  the  lai^ge  open  pores  or  vessels  which 
characterize  the  hardwoods.  They  also  either  lack  or  show  a  scanty 
development  of  wood  parenchyma,  the  chief  source  of  tylose  formation 
in  the  hardwoods.  Since  it  is  in  relation  to  the  closing  of  the  vessels  that 
tyloses  are  of  practical  significance,  the  study  of  tylose  distribution  in 
the  conifers  is  of  relatively  small  importance.  However,  ance  tyloses 
or  tyloselike  cells  are  often  present  in  the  tracheids  or  in  the  resin  canals 
of  certain  normal  coniferous  woods,  and  since  they  have  been  found  to 
play  some  part  in  penetration  of  wood  preservatives  and  in  resin  flow, 
their  occurrence  in  the  softwoods  was  sfiidied. 

The  occurrence  of  tyloses  in  coniferous  woods  has  not  received  the 
attention  given  to  their  occurrence  in  hardwoods.  Often  their  presence 
has  been  ignored,  or  they  have  been  reported  as  entirely  lacking.^  When 
studied,  moreover,  investigations  were  usually  confined  to  parts  of  the 
plant  other  than  the  wood,'  though  there  are  a  few  notable  observations 
on  their  occurrence  in  the  wood  itself  (Boehm;  Chrysler;  Conwentz; 
K0ster;  Mayr;  Penhallow;  Raatz). 

TRUE  TYU)SES  IN  CONIFERS 

Tyloses  in  normal  coniferous  wood  arise  chiefly  from  the  parenchyma- 
tous cells  of  the  medullary  rays.  (PI.  LVI,  figs,  i  and  2.)  As  in  the 
hardwoods,  it  is  by  the  growth  of  the  membranes  of  the  one-sided  bor- 
dered pits  that  tyloses  are  formed,  especially  where  the  pits  are  of  large 
size,  as- in  the  white  pines.  In  this  case  tyloses  grow  into  the  lumen  of 
the  tracheid,  just  as  in  hardwoods  they  grow  into  the  vessels  or  pores. 
Tracheids,  like  vessels,  function  as  sap  conductors,  but  instead  of  having 
in  their  end  walls  actual  openings  of  considerable  size  they  have  only  rela- 
tively thin  regions  or  pits.  These  are  more  or  less  completely  closed  by 
an  irregularly  thickened  membrane,  portions  of  which  sometimes  contain 
very  minute  perforations  (Bailey).  Thus  in  these  elements  already 
closed  or  nearly  closed,  tyloses  have  not  the  effect  that  they  have  in  the 
open  vessels  of  the  hardwoods.  Moreover,  tylose  formation  of  this  type 
in  conifers  can  only  take  place  in  a  comparatively  small  percentage  of  the 
tracheids — that  is,  in  those  adjacent  to  the  medullary-ray  parenchyma 
cells  produced  as  a  result  of  wounds  (Boehm;  Raatz).' 

TYU)SELIKE  CELLS  IN  THE  RESIN  CANALS 

Aside  from  true  tyloses,  there  is  often  observed  in  certain  species  of 
conifers  a  partial  or  complete  closing  of  the  resin  canals,  produced  by 
parenchyma  cells,  but  not  by  growth  of  the  membrane  of  the  one-sided 

1  Reported  by  MoUadi  after  examining  700  ^>ede8  of  plants  of  all  sorts. 

*  They  are  said  to  be  more  abundant  in  the  root  than  in  the  stem  (Raatz).  They  also  have  been  studied 
in  the  leaf  and  in  the  cone  axis. 

*  Boehm  and  Raatz  observed  tyloses  as  a  result  of  wounding  in  AbUs  pectinaU,  Pmus  syivsirist  Pmus 
tfrobus,  Pmus  txcdsa,  Larix  turopta,  and  TkHJa  ocdJenialu. 
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bordered  pit.  Such  growths  are  termed  "tyloselike,"  since  they  pi 
an  effect  very  similar  to  that  produced  by  the  true  tyloses  of  the 
woods. 

Resin  canals  or  ducts  are  normally  present  in  the  following  coni 
genera:  Larch,  or  tamarack  (Larix),  spruce  (Picea),  Douglas  fir  \ 
dotsuga),  and  pine  (Pinus).  These  canals  when  seen  in  cross  s 
often  bear  a  superficial  resemblance  to  the  vessels  or  pores  of  the 
woods.  (PI.  LVII,  fig.  I.)  They  are,  however,  different  in  bott 
origin  and  ftmction.  Resin  ducts  are  not  cellular  elements,  but  s 
intercellular  spaces  which  result  from  the  splitting  apart  of  the  coi 
walls  of  a  group  of  parenchyma  cells.  A  very  early  stage  of  this  sp 
is  shown  in  Plate  LVI,  figure  i .  These  parenchyma  cells  which  sui 
the.  canal  opening  are  called  "epithelial  cells."  They  are  the  s 
resin  formation,  and  they  cause  the  tyloselike  closing  of  the  resin 
Certain  of  them  often  remain  thin  walled  and  contain  plasma.  (PI.  I 
figs.  2  and  5.)  After  they  split  apart  to  form  the  canal,  when  they  c 
in  shape  and  size,  a  further  swelling  and  growth  may  take  place 
closes  the  canal  entirely  or  in  part.  (Pis.  LVII,  figs,  i  and  2,  and  1 
figs.  2,  5,  and  6.)  The  fact  that  it  is  the  growth  or  expansion 
whole  cell,  and  not  a  portion  of  the  wall  of  that  cell,  together  y 
portion  of  the  wall  of  the  neighboring  cell,  as  in  the  tylose-fc 
membrane  of  the  one-sided  bordered  pits  of  the  hardwoods,  < 
indicates  the  difference  between  the  true  tyloses  of  the  hardwooc 
the  tyloselike  cells  in  the  resin  canals  of  the  conifers. 

OCCURRENCE   OF   TYLOSES   AND    TYLOSELIKE    CELLS    IN    N 

CONIFERS 

Over  600  permanently  mounted  sections  from  coniferous  wa 
the  collection  of  the  Forest-Products  Laboratory  were  specially  st 
while  more  than  three  times  this  number  were  examined  tmmotm 

TRUE  TYLOSES 

Ray  or  true  tyloses  were  found  in  the  normal  wood  of  the  co 
but  were  not  abundant.  Their  shape  and  general  appearance  ai 
illustrated  in  Plate  LVI,  figures  i  and  2.  None  of  the  long,  j 
veacles  which  sometimes  fill  the  whole  tracheid  lumen  in  the  re 
conifers  were  fotmd.  The  greatest  development  of  true  tylose 
fotmd  in  the  soft  pines.  In  this  group  they  were  better  devdo] 
spring  wood  than  in  summer  wood  and  were  more  numerous  in  tt 
wood  than  in  the  heartwood.  Indeed,  some  of  the  pit  membranes 
heartwood  were  concave  in  shape,  appearing  to  have  collapsed  i 
instead  of  protruding  into  the  tracheid. 

The  size  of  the  pits  between  the  medullary  ray  cells  and  the  tra 
in  conifers  bears  a  definite  relation  to  the  formation  of  tyloses, 
rule,  the  ray  pits  in  the  hard  pines  are  small  and  tyloses  are  la 
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Norway  pine  {Pinus  resinosa),  which  is  regarded  as  a  fa 
offers  an  exception  to  this.  Here  we  find  numerous 
also  we  have  large  ray  pits.  The  only  soft  pine  examu 
contain  tyloses  was  pilion  pine  {Pinus  edulis).  This  sp 
ized  by  small  ray  pits  instead  of  the  large  ones  commo 
Of  the  other  conifers  all  of  the  species  listed  below  hf 
No  true  tyloses  were  found  in  these  species.     (See  Ta 

TablS  111,— Occurrence  of  true  tyloses  in  native  co\ 

SOfT   PlNSS. 


Limber  pine  (Pinus  Jlexilis) 

Sugar  pine  (J^inus  lambertiana) 

Western  white  pine  (Pinus  monticola) 

White  pine  (Ptnus  strobus) 

Piikm  pine  (Pinus  eduUs) 

Haxd  Pmaa. 

Norway  pine  (Pinus  resinosa) 

Jack  pme  (Pinus  divaricata) 

l^rUeaf  pine  (Pinus  eckinata) 

Spruce  pine  (Ptnus  glabra) 

ijodgepole  pine  (Pinus  murrayana) 

Longleaf  pine  (Pinus  4>alustris) 

Western  yellow  pine  (Pinus  ponderosa) 

Pitch  pine  (Pinus  rigtda) 

Lobloil^r  pine  {^Pinus  taeda) 

Scrub  pine  (Pinus  virginiana) 

Table-mountain  pine  (Pinus  pungens) 

OTHKK   CONXfSKS. 

Tamarack  (Larix  laricina) 

Western  larch  (Larix  occtdentalis) 

European  larch  (Larix  larix) 

White  spruce  (Picea  canadensis) 

Bngelmann  spruce  (Picea  enqelmanni) 

Black  spruce  (Picea  mariana!) 

Red  spruce  (Picea  rubens) 

Sitka  spruce  (Picea  sitchensis) 

Douglas  fir  (Pseudotsuga  taxifolia) 

Balsam  fir  (Abies  balsamea) 

White  fir  (Abies  concolor) 

I/>wland  nr  (Abies  grandis) 

Alpine  fir  (Abies  Ictsiocarpd) 

Red  fir  (Abies  magnijica) 

Noble  fir  (Abies  nobtlis) 

Port  Orford  cedar  (Chamaecyparis  lawsonia) 

Yellow  cedar  (^Chamaecyparis  nooikatensis) 

California  jtmiper  (Juniperus  calif omica) 


z 

None 

I 

...do 

I 

...do 

2 

...do 

I 

...do 

I 

...do 

2 

...do 

2 

...do 

2 
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2 

...do 

I 
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2 

...do 

Z 

...do 

Z 
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I 
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Tablq  111,— Occurrence  of  true  tyloses  in  native  conifers — Continued. 
Othbk  CoNmsa-Continued. 


Specks. 

Number 
of  sped- 
mens. 

Sspwood. 

ncftitwooQ. 

Western  juniper  (Juniperus  occidentalis) 

None 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

None. 

Red  cedar  (  JunH>erus  viroiniand) 

Do. 

Incense  cedar  {Idhocedrus  decurr^tix) 

Do. 

Red wcxxl  (Seguoia  semperoirens) 

Do. 

Bigtree  (Sequoia  tpaskingtoniana) 

Do. 

Bald  cypress  (Taxodiutn  distichutn) 

Do. 

Yew  (Taxus  brevifolia) 

Do. 

Arborvitfle  (Thuja  occidentalis) 

Do. 

Western  re^  ceciar  (Thuja  piicata) 

Do. 

Do. 

Western  hemlock  (Tsuga  heterphylla) 

Do. 

Black  hemlock  (Tsuga  meriensiana) 

Do. 

TYLOSEUKE  CELLS 

The  tyloselike  epithelial  cells  which  surround  the  resin  canals  were 
also  carefully  studied  in  Pinus,  Larix,  Picea,  and  Pseudotsuga.  In  these 
woods  both  the  horizontal  and  vertical  resin  canals  often  contained  dis- 
tended cells  which  partly  or  sometimes  completely  filled  the  canal 
openings.  (PI.  LVII,  fig.  2;  and  PI.  LVIII,  figs.  2,  5,  and  6.)  This 
closed  condition  of  the  vertical  canals  is  particularly  noticeable  near  the 
medullary  rays.  (PI.  LVI,  fig.  i;  and  PI.  LVII,  fig.  2.)  The  distended 
closing  cells  correspond  to  the  plasma-containing  cells  described  on  page 
446.  (PI.  LVIII,  figs.  2  and  5.)  A  large  number  of  the  canals  were, 
however,  entirely  open. 

In  pines  where  many  of  the  epithelial  cells  remain  capable  of  growth, 
three  types  of  conditions  may  be  found  in  the  canals. 

(i)  The  canals  of  the  sapwood,  especially  of  the  outermost  ring,  may 
not  have  yet  opened — that  is,  the  space  which  the  canal  will  occupy  may 
stiU  be  filled  by  the  parench3rma  cells  which  later  form  the  epithelium. 
(PI.  LVI,  fig.  I.) 

(2)  Many  canals  may  be  partly  open.  (PI.  LVII,  fig.  i.)  Frequently 
the  cells  surrounding  the  opening  are  somewhat  contracted  and  col- 
lapsed; or,  again,  individual  cells  containing  plasma  may  become  dis- 
tended, bow  out  into  the  open  lumen  of  the  canal,  and  thus  assist  in 
partially  closing  it. 

(3)  Canals  in  the  heartwood  as  well  as  in  the  outer  rings  of  the  sap- 
wood  may  be  completely  closed.^  This  may  come  about  in  two  wa3rs: 
First,  the  groups  of  parenchyma  cells  observed  in  the  sapwood  may 


>  Compare  Thomsoa,  R.  B. 
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lit  apart  to  form  a  canal  opening.  This  was  demonstrated 
by  means  of  serial  sections  following  the  course  of  a  num- 
tal  resin  canals  from  the  bark  into  the  heartwood.  Second, 
:e  open  may  be  closed  completely  by  the  growth  of  certain 
lal  cells,  as  before  explained.  This  closing  is  not  produced 
action  of  all  the  cells  which  first  split  apart  to  fomi  the 
ly  by  the  later  growth  of  certain  of  these  which  possessed 
le  growth  potential  for  a  longer  period  than  their  neighbors. 
J.  5.) ' 
PRACTICAL  SIGNIFICANCE  OF  TYLOSES 
TYU)SHS  AS  A  NATURAL  "FILLER" 

ance  of  the  part  played  by  tyloses  in  the  structure  of  wood 
of  red  oak  and  white  oak.  These  two  species  have  prac- 
me  structure,  yet  the  red  oak  can  not  be  used  for  tight 
::k  because  the  vessels  are  open  tubes  through  which  air  or 
cape.  (PI.  LIV,  middle.)  In  white  oak  the  vessels  are 
5sed  by  tyloses,  as  shown  in  Plate  LIU,  figures  i  and  2, 

maker's  parlance,  tyloses  behave  to  some  extent  like  a 
*."  On  a  radial-cut  surface  the  large  vessels  in  the  spring 
I  oak  appear  like  hollow  grooves,  while  those  in  the  white 
y  filled  by  the  network  of  the  tylosal  cells  which  catch  and 
r  example.     (PI.  LII,  fig.  i ;  and  PI.  LIU,  fig.  2.) 

TYLOSES  A  FACTOR  IN  DURABILrTY 

rest  to  note  the  presence  of  tyloses  (or  sometimes  of  gums) 
^ssels  of  those  hardwoods  which  are  particularly  valued  for 
ty.  Many  factors,  such  as  the  chemical  composition  of 
rate  of  growth,  and  hardness,  are,  of  course,  important  in 
urability,  but  the  effect  of  tyloses  should  not  be  disregarded. 
;  vigorous  growth  of  parenchyma,  which  in  some  cases 
If  by  causing  tylose  formation  and  in  others  by  producing 
itial  oils,  etc.,  appears  to  be  a  fundamental  characteristic 
urable  woods.  White  oak,  in  which  tyloses  are  abundant, 
le,  more  durable  than  red  oak,  in  which  they  are  almost 
:.  The  tylose  walls  present  an  added  obstruction  to  the 
mgous  hyphae  and  tend  to  make  the  vessels  impenetrable 
ter.    They  are  especially  effective  in  woods  that  have  been 

apwood  contains  tyloses,  it  is  usually  less  durable  than 
The  latter  fact,  however,  holds  true  also  for  woods  without 
,n  probably  be  explained  by  the  condition  of  such  materials 

I  reproduced  in  PI.  LVIII  ol  all  conditions  of  open  and  closed  horizontal  resin  canals 
iwood  material. 
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in  the  sapwood  as  starches,  which  undergo  a  transformation  when 
heartwood  is  formed. 

The  following  tabulation  of  the  "Relative  durability  of  hardwooc 
compiled  from  the  results  of  experiments,  indicate  that  tyloses  ar 
factor  in  durability.  The  more  durable  species  will  be  found,  wit] 
few  exceptions,  to  contain  many  or  very  abimdantly  developed  tylo 
(See  Tables  I  and  II.) 

RBLATIVB  DURABILtTY    OP    HARDWOODS  ^ 

Durable, 


Black  locust. 

Chestnut. 

White  oak. 

Cherry. 

Catalpa. 

Black  walnut. 

F6stoak. 

Pennmmon. 

Osage  orange. 

Live  oak. 

Black  ash. 

Slippery  elm 

Mtdbeny. 

Sassafras. 

Honey  locust. 

Bur  oak. 

Fairly  d 

urable. 

Yellow  poplar. 

Red  oak. 

Scarlet  oak. 

Butternut. 

Red  ash. 

Notd% 

trable. 

Cottonwood. 

Black  oak. 

Black  gum. 

Gray  birch. 

White  elm. 

Red  birch. 

Wateigum. 

Paper  birch. 

Red  gum. 

Beech. 

Basswood. 

Aspen. 

Hard  maple. 

Hickory. 

Buckeye. 

Wiltow. 

White  ash. 

Cucumber. 

Sycamore. 

The  results  of  tests  on  30,160  fence  posts*  indicated  the  follow 
untreated  hardwoods,  in  order  of  their  dmability,  as  the  most  suital 
Osage  orange,  locust,  mulberry,  catalpa,  certain  oak  (species  not  giv< 
and  black  walnut.  The  length  of  life  in  service  varied  from  10  to 
years. 

Some  observations'  on  the  life  of  untreated  hardwood  railroad 
further  confirm  the  relation  between  tyloses  and  durability.     It  m 
be  borne  in  mind,  however,  that  for  this  type  of  service  hardness 
been  considered  in  judging  durability.    The  list  of  woods,  toget 
with  their  life  in  years  tmder  trafiic,  is  as  follows: 

species.  YcAfB  of  wtk 

Black  walnut 

Chestnut 5 1 

Hickory 7  t 

Black  locust 7  t 

Whiteoak 5t 

Mulberry »Ms 

Catalpa D 


Spedes.  Years  of  service. 

Butternut <Few. 

Beech Do. 

Black,  red,  or  yellow  oak 4  to  5 

Postoak 6to8 

Sassafras 6to8 

Chestnut  oak 9 

Buroak 9 


>  This  list  is  offered  to  show  the  comiMuative  durability  of  some  American  timberB.  It  is  not  prest 
todbtain  for  all  conditions. 

*Cntmk7t  J«  J*  The  relative  durability  of  post  timbers.  Ohio  Agr.  Bxxyt.  SU.  Bui.  aig,  p.  6oj 
xe  iL    X910W 

t  Tntman,  B.  B.  R.  Report  on  the  use  of  metal  railroad  ties  and  on  preservative  processes  and  i 
tiei>]atct  for  wooden  ties.    U.  S.  Dept.  Asr..  Div.  For.  Bui.  9.  p.  ai6.    1894. 

« Life  not  given. 

•Uttknsed. 
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was  not  entirely  due  to  the  presence  of  tyloses,  but  the  fact  that  the 
creosote  did  not  penetrate  the  tylose-filled  vessels  is  significant. 

In  a  piece  of  desert  willow  (Chilopsis  linearis),  4  by  iK  by  2  inches, 
treated  with  carboUneum,  no  penetration  was  visible  in  the  heartwood 
except  about  one  thirty-second  of  an  inch  near  the  surface.  In  the 
sapwood,  however,  where,  as  shown  in  Table  I,  the  large  vessels  of  the 
two  outer  growth  rings  are  without  tyloses,  the  dark  discoloration  of  the 
preservative  was  clearly  visible  following  the  lines  of  these  open  vessels. 

Sapwood  in  general  absorbs  creosote  much  more  easily  than  heartwood. 
The  supposed  absence  of  tyloses  in  this  region  of  the  tree  has  previously 
been  regarded  as  one  reason  for  this  fact.  As  soon,  therefore,  as  it  was 
satisfactorily  determined  that  tyloses  were  unmistakably  present  in  the 
sapwood,  special  experiments  were  undertaken  to  discover  what  effect 
they  had  on  the  absorption  of  the  creosote.  A  piece  of  white  oak  was 
given  a  commercial  treatment  at  the  same  time  and  under  the  same  con- 
ditions as  the  black  locust.  The  sapwood  absorbed  the  oil  fully,  but  the 
penetration  stopped  abruptly  at  the  line  of  color  demarkation  between 
the  sapwood  and  heartwood.  (PI.  LIX,  fig.  2,  B.)  To  the  eye  the  heart- 
wood,  except  for  a  surface  coating,  was  absolutely  untreated.  The  ves- 
sels in  both  the  sapwood  and  heartwood  of  this  piece  were  filled  with 
strongly  developed  tyloses.  Microscopic  examination  showed  that  the 
tyloses  in  the  vessels  of  the  treated  sapwood  were  entirely  uncolored  and 
exactly  like  those  in  the  vessels  of  the  heart  which  was  untreated  through- 
out. The  tyloses  had  then  effectually  kept  the  creosote  out  of  the  ves- 
sels, although  there  had  been  a  full  treatment  of  the  wood  fibers  of  the 
sapwood.  This  shows  that  a  considerable  quantity  of  the  preservative 
was  absorbed  in  spite  of  the  fact  that  the  presence  of  tyloses  kept  the 
creosote  out  of  the  vessels.  Hence,  tyloses  of  themselves  need  not  be 
regarded  as  preventing  the  possibility  of  treating  this  species,  at  least  in 
the  sapwood. 

A  piece  of  oven-dried  hickory,  2}4  by  2j4  by  14  inches,  made  up  of  both 
heartwood  and  sapwood,  was  treated  at  the  same  time  and  under  the 
same  conditions  as  the  oak  and  locust,  and  showed  a  thoroughly  good 
penetration  throughout.  (PI.  LIX,  fig.  2,C.)  Nevertheless,  when  the 
wood  was  split,  the  tyloses,  which  were  abundantly  developed  in  the 
vessels  of  both  the  sapwood  and  heartwood,  were  white  and  unstained  by 
the  creosote,  showing  a  marked  contrast  to  the  dark-brown  fibers  of  the 
surrounding  treated  wood.     (PI.  LII,  fig.  i.) 

The  preliminary  observations  just  described  concerning  the  penetra- 
tion of  creosote  were  based  on  results  of  treatments  made  on  single  speci- 
mens of  the  species  studied  and  were  regarded  rather  as  valuable  indica- 
tions than  as  conclusive  evidence.  To  check  them  with  other  results, 
the  treatments  with  creosote  were  repeated  on  other  specimens  of  the 
woods  previously  used  and  more  specimens  of  another  species  con- 
taining many  tyloses.  First,  a  piece  of  hickory  taken  from  miscella- 
neous material  was  given  a    high-pressure   treatment  with  creosote. 
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through  the  open  vessels.  The  practical  effect  of  this  is  evident  in  the 
results  obtained  in  penetrance  treatments.  It  is  possible  to  force  creo- 
sote for  long  distances  through  red  oak  just  as  it  would  be  possible  to 
force  it  through  similar  distances  in  small  open  pipe  lines.  In  com- 
parison with  this,  the  distance  the  oil  will  pass  through  white  oak  is  very 
short,  since  it  has  to  penetrate  through  many  cell  walls,  and  the  resistance 
of  the  material  must  be  overcome  by  high  pressures. 

Thus,  although  tyloses  have  a  distinct  effect,  they  are  not  the  only 
factor  in  the  penetrance  of  wood.  The  characteristics  of  the  other 
elements  in  the  annual  ring  must  be  considered.  However,  in  the  cases 
examined,  wherever  the  large  vessels  contained  abundantly  developed, 
tyloses  or  filling  cells,  the  vessels  and  the  tyloses,  but  not  necessarily 
the  rest  of  the  woody  tissues,  were  impenetrable  to  creosote. 

OBSBRVATIONS  ON  CONIPBRS 

The  presence  of  resin  canals  and  their  condition — that  is,  whether  they 
are  open  or  partly  or  entirely  closed  by  cells — considered  in  conjunction 
with  the  general  permeability  of  the  tracheids,  is  a  factor  of  practical 
significance  in  the  selection  of  wood  for  creosoting.  (Pis.  LVT  and  LVII.) 
The  number  of  the  resin  canals  is  very  small  in  comparison  with  the 
number  of  tracheids.  However,  if  the  canals  are  unobstructed,  pene- 
trance is  easily  obtained  for  considerable  distances  through  their  cavities. 
In  a  wood  whose  tracheids  are  penetrated  with  diflSculty,  the  creosote 
does  not  spread  to  any  great  extent  from  the  canals  into  the  tracheids, 
even  when  the  former  are  full.  Nevertheless,  the  presence  of  creosote 
or  other  toxic  liquid  in  the  resin-canal  regions,  which  are  among  the  first 
affected  by  fungous  infection,  is  of  considerable  assistance  in  prolonging 
the  life  of  the  wood.  Many  of  the  resin  canals,  especially  the  vertical 
canals  in  both  the  sapwood  and  the  heartwood  of  the  pines,  are  not  com- 
pletely closed  (PI.  LVII,  fig.  I,  and  PI.  LVIII,  figs,  i  and  4)  and  can 
for  this  reason  be  penetrated.  The  effect  of  the  presence  or  absence 
of  tylose-like  cells  in  the  resin  canals,  while  a  minor  factor,  is  significant 
in  connection  with  the  treatment  of  poles,  ties,  and  paving  blocks. 

BFPBCT  OF  TYIX)SES  ON  THE    WATER-I<OGGING  OF  WOOD 

In  order  to  test  the  effect  of  tyloses  on  the  water-logging  of  wood,  some 
roughly  comparable  air-dry  blocks  of  several  species  were  placed  in  a  tank 
of  water  and  the  length  of  time  required  to  water-log  each  block  suffi- 
ciently to  sink  it  was  noted.  The  blocks  were  grouped  with  reference  to 
their  specific  gravity  (dry)*  and  their  actual  weight.  The  woods  in  which 
tyloses  were  few  or  wholly  lacking  invariably  sank  before  those  contain- 
ing abtmdant  tyloses.  Chestnut  oak  sank  before  white  oak  and  bur  oak, 
persimmon  before  osage  orange,  flowering  dogwood  before  hickory,  yel- 
low poplar  and  aspen  before  catalpa,  and  blue  beech  and  honey  locust 

>Sttrgcnt.  C.  S.  Report  on  the  Poretts  ol  North  America  ...  6ia  p.,  maps.  Washington,  1884. 
(U.  S.  lieth  Ccnsns  Reports,  v.  9I) 


Digitized  by 


Google 


468  Journal  of  A  gricultural  Research  vol  i,  Na  6 

before  black  locust.  The  dogwood  and  persimmon  sank  in  about  i8 
hours,  while  the  catalpa  floated  for  20  days,  and  one  piece  of  black  locust 
with  a  large  percentage  of  heartwood  remained  floating  for  46  days. 

SUMMARY 

The  143  specimens  of  hardwoods  examined  included  45  genera  (94 
species),  of  which  24  contained  tyloses.  The  60  specimens  of  conifers 
examined  included  13  genera  (45  species),  of  which  i  contained  tyloses. 
Of  the  139  species  examined,  56,  belonging  to  25  genera,  contair^ 
tyloses. 

Tyloses  were  found  in  the  sapwood  of  all  species  in  which  they  occurred 
in  the  heartwood. 

Well-developed  tyloses  were  foimd  in  the  outermost  rings  near  the 
bark  of  30  species  of  hardwoods. 

True  tyloses  occur  in  the  wood  trachdds  of  certain  pines,  principally 
of  the  white-pine  group. 

Epithelial  cells  sometimes  effect  a  partial  or  even  complete  tylosdike 
closing  of  the  resin  canals  in  Pinus,  Larix,  Picea,  and  Pseudotsuga. 

A  considerable  proportion  of  the  vertical  canals,  even  in  the  heart- 
wood  of  the  pines,  are  fully  or  partly  open. 

Tyloses  act  like  a  natural  filler  in  the  hardwoods. 

The  woods  in  which  tyloses  are  abundant  as  a  nile  are  durable. 

Tyloses,  because  they  are  very  impermeable  to  air,  water,  and  creosote, 
reduce  the  penetrance  of  the  woods  in  which  they  are  strongly  developed. 
The  presence  of  tyloses  in  the  vessels  of  a  hardwood,  however,  does  not 
prevent  the  penetrance  of  creosote  into  the  other  wood  elements. 
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PLATE  LII 

Fig.  X. — Split  radial  face  of  a  creosoted  hickory  block,  ahowixig  tyloses  (T)  in  a  laige 
venel.  liagnified  la  diameters.  Tyloses  ttnooloced;  remaining  wood  substance 
black  with  creosote. 

Fig.  3. — ^Tangential  section  of  Aesculus  ociandra,  yeUow  buckeye  X  680,  blowing 
two  tyloses  (T)  which  have  grown  out  of  one  meduUary-ray  parenchyma  cell  (MR). 
Shows  open  oonnection  between  the  tyloses  and  parenchyma  cell. 

Fig.  3. — Cross  section  of  valley  oak,  a  white  oak,  showing  young  tyloses  (T)  next 
the  bark  (B)  in  vessels  (V). 
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PLATE  UII 

Fig.  I. — Cross  section  of  a  white  oak,  showing  fully  developed  tyloses  (T)  in  the 
large  vessels  (V). 

Fig.  3. — Radial-longitudinal  view,  quarter-sawed  surface,  of  the  white  oak  shown 
in  figure  i,  showing  complete  closing  of  the  vessel  (V),  which  makes  this  wood 
valuable  in  light  cooperage,  etc. 

Fig.  3. — Cross  section  of  sapwood  of  pignut  hickory,  showing  fully  developed 
tyk)ses  (T). 

Fig.  4. — ^Radial  view  of  mesquite,  showing  "gum''  droplets  (G)  and  formations 
often  stimulating  tyloses. 
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PLATE  LIV 

Cross  section  of  cow  oak,  a  white  oak,  showing  normal  and  abnonnal  tyknes.    Ffom 
top  to  bottom  are  bark  (B)  and  three  annual  growth  rings  {Ri,  R2,  /?3). 

Fig.  z.— ^Wonnd  tybses  (WT)  induced  by  the  felling  of  the  tree  and  the  sudden 
cessation  of  sap  flow. 
Fig.  a. — ^No  tyloses  (V);  empty  vessels.    Normal  tyU)ses  not  yet  developed. 
Fig.  3. — Young  (  YT)  and  well-developed  normal  tyloses  (T). 
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PLATE  LV 

Fig.  z. — Cross  section  of  a  diffuse  porous  wood,  yellow  poplar  or 
scattered  tyloses  X  50.    T,  tylose-filled  vessels;  V,  empty  vessels. 

Fig.  2. — Cross  section  of  a  ring  porous  wood,  osage  orange,  with  va 
chyma,  showing  abundantly  developed  tyloses  (T)X  50. 
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PLATB  LVI 

Fig.  x.^CSron  flectkm  of  western  white  pine,  showing  my  tyloses  (7),  dosed  Te^ 
tical  resin  canal  (VRC)  in  young  sapwood,  and  nuclei  (N)  visible  in  epithelial  celli 
of  canal  which  is  begiiming  to  split  open  at  5. 

Fig.  a.— Tangential  section  of  Norway  pine,  showing  ray  tyloses  (T). 
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PLATE  LVII 

Fig.  I.— OoflB  section  view  of  shordeaf  pine,  showing  open  and  partly  closed  ver- 
tical resin  canals  (VRC).  These  are  typical  of  many  canals  in  pine  heartwood. 
Shows  thin-walled  epitiielial  cells  (E). 

Fig.  a.— ^Heartwood  of  ^tka  spmce,  showing  closed  vertical  canal  (VRC). 
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PLATE  LVIII 
Open  and  closed  horizontal  canals  in  sapwood.  ' 

z. — Open  canal  in  tamarack  (T£)  thick-walled  epithelium. 
3. — Partly  closed  canal  with  distended  epithelial  cells  (DE)  in  Douglas  fir. 
3. — Young  canal  which  has  never  opened  in  western  white  pine.    Cells  with 
lasm  and  nuclei.    Vertical  canal  {VRC)  in  same  condition  on  right;  this  is 
idinal  view  of  same  canal  as  is  shown  in  cross  section,  Plate  I,VI,  figure  i. 
4. — Open  canal  in  red  spruce  surrotrnded  by  thick-walled  epithelium  (TE), 
5. — ^Partly  closed  canal  in  red  spruce.    TE,  thick-walled,  and  DE,  thin- 
l  distended  epithelial  cells. 

6. — Closed  canal  in  Engelmann  spruce.    From  old  sapwood.    The  epithelial 
IS  completely  dosed  the  canal  and  its  wall  has  become  thickened. 
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PLATE  LIX 

Fig.  I. — l/og  from  collection  of  woods  in  the  Forest-Products  Ls 
men  of  the  material  used  in  this  study;  5,  sapwood;  H,  heartwooc 

Fig.  3. — Specimens  of  woods  showing  creosote  penetrance  in  s 
as  a£fected  by  tyloses.  The  three  specimens  each  contain  both  m 
wood.  Specimen  A, — ^Red  oak.  Has  no  tyloses;  creosote  passed 
large  vessels;  note  black  streaks.  Wood  substance  between  ves 
note  white  streaks.  Specimen  B. — ^White  oak.  Has  abundant  1 
heartwood.  Creosote  penetrated  the  sapwood  only.  Thorough  a1 
in  the  sapwood  substance  between  the  impenetrable,  tylose-fill 
men  C — Pignut  hickory.  Has  abundant  tyloses  in  sap  and  hes 
penetrated  both.  Good  absorption  throughout  in  the  wood  subsl 
tylose-filled  vessels.  Compare  Plate  LI  I.  figure  i,  an  enlarged  vi 
this  block. 
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THE  CAMBIUM  MINER  IN  RIVER  BIRCH 

By  Charlbs  T.  Grbenb, 

Entomological  Assistant,  Forest-Insect  Investigations, 

Bureau  of  Entomology 

The  Species  of  the  family  Agromyzidae  generally  mine  in  the  leaves  and 
stems  of  various  plants,  while  some  mine  in  their  roots.  The  species  pre- 
sented in  this  paper,  Agromyza  pruinosa  Coq.,*  is  quite  out  of  the  ordinary 
in  that  it  mines  in  the  cambium  of  the  living  tree,  the  mine  leaving  a  scar 
known  as  a  ** pith-ray  fleck."  *  These  flecks  in  the  various  kinds  of  wood 
have  been  known  for  many  years  to  be  the  result  of  the  work  of  insects, 
and  extensive  investigations  have  been  carried  on  in  Europe  as  well  as  in 
this  country  in  order  to  determine  the  species  causing  the  damage.  In- 
vestigations in  Europe  have  proved  that  at  least  the  pith-ray  fleck  in 
birch  may  be  accredited  to  Agromyza  carbonaria,^  which  is  closely  related 
to  the  American  species.  The  pith-ray  flecks  in  birch  in  America  have 
been  studied  carefully,  and  it  has  been  decided  that  Agromyza  pruinosa  is 
at  least  one  of  the  insects  that  produce  flecks  and  is  possibly  the  only  one. 
Agromyza  pruinosa  taken  from  river  birch  has  just  been  reared  to  maturity. 
This  is  the  first  record  in  America  of  the  production  of  flecks  in  birch  by  a 
definitely  known  species.     (PI.  LX,  fig.  2.) 

SEASONAL  HISTORY 

During  July  and  the  early  part  of  August,  191 2,  the  work  of  this 
dipterous  larva  was  very  common  in  river  birch  at  the  Chain  Bridge,  in 
the  District  of  Columbia,  every  tree  that  was  examined  containing  new 
work;  but  in  191 3,  in  the  same  locality,  only  a  few  trees  disclosed  new 
work.  A  dipterous  larva  and  similar  work  were  found  frequently  in 
red  maple  (Acer  rubrum),  but  not  so  commonly  as  in  birch.  In  1913 
Mr.  T.  E.  Snyder  found  in  wild  cherry  (Prunus  sp.)  on  the  Virginia  shore 
of  the  Potomac  River  at  the  Chain  Bridge  two  kui^ae  which  are  identical 
with  the  larvae  of  Agromyza  pruinosa  in  the  birch,  except  that  they  are 
only  two-thirds  as  long,  although  to  all  appearances  full  grown.  The 
work  of  this  species  in  wild  cherry  is  identical  with  that  in  red  maple 
and  black  birch,  but  the  mines  are  correspondingly  smaller. 

1  Thanks  sre  due  to  Mr.  J.  R.  Mallodi  for  assistance  in  detennining  the  species. 

*  Brown,  H.  P.  Pith-iay  flecks  in  wood.  U.  S.  Dei>t.  Agr..  Forest  Serv.,  CSrc.  azs.  15  p..  6  pi.  May  7. 
1913- 

«  Nielsen.  J.  C.  Zootogiscfae  Studien  fiber  die  Markflecke.  Zool.  Jahrb.  Abt.  System.  Geogr.  u.  BioL 
Tiere.  Bd.  13.  Heft  6.  p.  7*5-738.  pi.  30.    1906. 

Jomal  of  Agfkttltund  Research.  VoL  I,  No.  6 

Dept.  of  Agriculture,  Washington.  D.  C.  Mar.  as.  19x4 
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CHARACTER  OP  TREES  ATTACKED 

The  trees  attacked  are  apparently  healthy,  and  infested  ones  can  not 
be  detected  by  their  outward  appearance.  The  only  way  in  which  to 
detect  the  larva  is  to  remove  the  bark  and  expose  the  cambium,  where 
at  a  glance  you  can  generally  recognize  the  new  galleries  from  the  old 
ones,  since  new  larval  mines  are  only  faintly  darker  than  the  living 
cambium;  in  fact,  they  are  sometimes  of  a  ddicate  pink  color,  whereas 
all  the  old  work  is  generally  dark  brown.  In  Vilas  and  Oneida  Counties, 
Wis.,  the  trees  in  the  vicinity  of  Tomahawk  and  Trout  Lakes  were  care- 
fully examined  by  Mr.  S.  A.  Rohwer  last  fall  (i9i3),and  no  evidence  of 
the  cambium  miner  was  found  in  white  birch  (Betula  populifolia),  red 
oak  (Quercus  rubra),  red  maple  (Acer  rubrum),  or  sugar  maple  {Acer 
saccharum). 

Pith-ray  flecks  were  found  in  red  oak  (Quercus  rubra)  at  Charter  Oak« 
Pa.,  by  Mr.  T.  E.  Snyder  and  in  mountain  holly  (Ilex  numHcda)  at 
Endeavor,  Pa.,  by  Mr.  P.  C.  Craighead,  but  the  particular  insect  or 
insects  causing  them  are  not  yet  known. 

LIFE  HISTORY  OF  THE  SPECIES 
METHODS  OP  REARING 

Numerous  experiments  were  conducted  while  rearing  this  species.  All 
the  breeding  jars  were  placed  in  a  pasteboard  box,  which  was  put  in  an 
ordinary  soap  box  lined  and  covered  with  about  five  thicknesses  of  news- 
paper. This  box  was  kept  outside  during  the  winter  in  an  inclosed  shed. 
The  frost  penetrated  all  the  protective  coverings,  but  not  so  thoroughly 
as  though  the  boxes  had  been  completely  exposed.  Jars  containing 
earth  and  sand  gave  the  best  results  in  these  rearing  experiments.  Prom 
April  15  to  May  12,  1913,  six  adults  emerged.  On  May  i  a  single  adult 
which  was  reared  from  the  larva  emerged,  a  hymenopterous  parasite 
emerging  from  another  pupa  case  on  May  13. 

THE  EGG 

The  writer  unforttmately  did  not  succeed  in  securing  the  egg  of  this 
species,  but  it  is  apparently  deposited  in  the  fork  of  two  branches  which 
are  about  5  to  8  years  old  and  near  the  top  of  the  tree.  Prom  the  shape 
of  the  ovipositor  (PI.  LXI,  fig.  4)  the  egg  is  more  than  likely  deposited  on 
the  outside  of  the  bark,  as  the  mine,  which  has  been  traced  from  a  twig  to 
the  base  of  the  tree,  a  distance  of  40  feet,  starts  from  this  point  like  a  hair 
line  and,  increasing  in  width  as  it  goes  down  the  trunk,  reaches  a  width 
of  one-eighth  of  an  inch  at  the  base. 

THE  LARVA* 

The  larva  (PI.  LXI,  fig.  i)  is  white,  opaque,  and  cylindrical,  averaging 
from  20  to  25  mm.  in  length  and  i  mm.  in  diameter.    One  larva,  collected 

>  The  lanr*  of  thif  tpedfet  WM  diaoovcftd  by  Mr.  H.  P.  Brown  and  wMfifBt  shown  to  die  writer  fay  lb. 
T.  S.  Snyder. 
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on  June  19,  191 3,  was  30  mm.  in  length  and  i  mm.  in  diameter.  The 
hooklet  is  shiny  black  and  chitinized,  the  exposed  portion  being  more 
highly  chitinized  than  the  rest.  The  hooklet  complete  (cephalopharyn- 
geal  skeleton)  dissected  out  is  shown  in  Plate  LXI,  figure  i,  a.  Back  of 
the  large  hooklet  are  two  smaller  toothlike  processes,  one  on  each  side, 
the  position  of  these  being  shown  at  b.  The  anterior  spiracles  at  c  and 
the  posterior  pair  at  J  are  a  very  pale  yellow,  and  their  position  is  shown 
in  outline.  At  the  caudal  end  of  the  larva  are  two  padlike  surfaces,  very 
faintly  raised  from  the  surface  of  the  body,  reaching  nearly  arotmd  the 
circumference  of  the  body  and  covered  with  ntunerous  brown,  hooklike 
hairs  or  bristles.  Several  stages  of  the  larvae  were  observed,  and  the 
only  noticeable  difference  was  in  their  size. 

If  the  larva  reaches  the  base  of  the  tree  before  the  time  to  pupate,  it 
will  turn  and  mine  up  the  cambium  for  some  distance;  on  one  occasion 
the  larva  retreated  for  6  feet,  then  returned,  thus  encircling  the  root,  and 
followed  it  for  2  feet  from  the  trunk.  The  exit  hole  is  sometimes  made  on 
the  side  of  the  root,  but  generally  it  is  on  the  underside,  and  the  larva 
pupates  inunediately  on  emergence.  The  pupse  were  fotmd  from  one- 
half  to  one  inch  from  the  exit  hole.  A  portion  of  river  birch  (Betula 
nigra)  with  the  bark  removed  is  shown  in  Plate  LX,  figure  i,  to  illustrate 
the  larval  mines,  while  figtu-e  2  is  part  of  a  cross  section  showing  the 
"pith-ray  flecks'*  from  above. 

The  only  larva  that  was  reared  by  the  writer,  and  in  fact  the  only  one 
that  reached  maturity,  was  placed  in  a  large  vial  July  30,  1912,  with  a 
piece  of  freshly  cut  river-birch  bark,  the  inner  surface  of  which  was 
covered  freely  with  fresh  sap.  A  piece  of  gauze  was  placed  over  the 
opening  of  the  vial.  On  August  6,  1912,  at  8.30  a.  m.,  the  larva  com- 
menced pupation,  first  becoming  rigid  and  then  changing  to  deep  yellow 
at  both  ends,  while  the  central  portion  remained  the  natural  white  color. 
It  was  25  mm.  in  length  and  i  mm.  in  diameter,  but  by  noon  it  had 
decreased  to  about  10  mm.  in  length  and  increased  to  2  mm.  in  diameter. 
Both  ends  had  changed  to  dark  brown  and  were  perfectly  formed,  as  in 
the  pupa,  and  the  middle  was  a  light  yellowish.  At  5  p.  m.  the  pupa 
was  perfectly  formed  and  dark  brown  all  over,  its  dimensions  now  being 
5  mm.  in  length  and  2  mm.  in  diameter.  The  larva  pupated  under  the 
thin  folds  of  the  outer  bark,  as  there  was  nothing  else  in  the  vial. 

THE  PUPA* 

The  pupa  (PI.  LXI,  fig.  2)  is  of  the  usual  cylindrical  type  and  dark 
reddish  brown  in  color,  averaging  from  4  to  5  mm.  in  length  by  2  mm. 
in  diameter,  and  is  formed  by  the  shrinking  of  the  larval  skin.  The 
anterior  spiracles  are  slightly  more  prominent  than  the  posterior  pair. 

The  frnpa  of  the  specks  was  disotrrered  and  first  shown  to  Uie  writer  by  Mr.  T.  B.  Snyder. 
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THB   ADULT 

The  adult  (PI.  LXI,  figs.  3  and  4)  of  Agromyza  pruinosa  Coq./  six 
scimens  of  which  were  reared  by  the  writer  in  the  spring  of  1913, 
closely  related  to  Agromyza  carbonaria  Zett.  of  Europe.  Agromyza 
uinosa  remains  in  the  pupal  stage  in  the  ground  during  the  winter 
d  emerges  from  the  pupa  case  in  one  of  two  ways:  Either  the  end  of 
t  pupal  case  is  pushed  ofiF  completely,  or  emergence  is  accomplished 
tearing  the  end  of  the  pupal  case  into  shreds.  Of  the  six  specimens 
>t  referred  to  five  were  males  and  one  a  female.  This  species  of 
;romyza  is  represented  in  the  United  States  National  Museum  ed- 
ition by  Coquillett's  type,  a  single  male  specimen  (Catalogue  No. 
59,  U.  S.  National  Museum).  The  writer's  specimens  agree  perfectly 
th  the  t)^,  except  that  they  are  very  slightly  larger. 
The  general  appearance  of  the  adult  female  corresponds  to  that  of  the 
de,  with  the  exception  that  it  is  slightly  more  robust.  The  ovi- 
sitor  is  slightly  over  one-half  of  a  millimeter  in  length,  chitinized,  and 
oaewhat  shiny  on  the  sides  and  edges  of  the  dorsal  surface.  It  is 
;htly  flattened  and  a  little  broader  at  the  apex  than  at  the  base.  On 
e  dorsal  surface  is  a  granular  space,  rounded  toward  the  base  of  the 
ipositof. 

The  total  length  of  the  female  is  4  mm.,  and  of  the  male  about  3  mm. 
te  abdomen  of  the  female  is  shown  in  figure  4  of  Plate  LXI. 
In  an  adult  that  had  just  emerged  from  the  pupal  case,  the  eyes  were 
Dwnish  and  the  f rons  and  face  a  pale  yellow  or  orange  color.  The 
orax  was  pale  gray,  the  legs  yellowish,  and  the  wings  opaque  white, 
taring  to  hyaline  in  about  two  hours.  The  abdomen  was  of  a  dull 
uige  color,  with  a  faint  gray  line  along  the  edge  of  each  segment, 
le  whole  insect  assumed  its  natural  color  in  two  and  a  half  hours. 

A  HYMBNOPTBROUS  PARASITE 

On  May  13,  191^'  a  hymenopterous  parasite,  Sympka  agromyue 
)hwer  '  (PI.  LXIf  fig.  5),  issued  from  a  pupa  case  of  Agromyza  pnUnosa 
q.  This  parasite  is  nearly  as  large  as  its  host.  Apparently  it  dq)osits 
>  egg  within  the  egg  of  the  host.  The  i^)parently  normal  dipterous  larva 
ines  down  the  tree  trunk  and  enters  the  ground;  the  pupa  is  perfectly 
rmed,  outwardly  exhibiting  no  signs  of  parasitism,  but  about  the  time 
e  host  should  emerge  the  parasite  issues  instead.  At  maturity  the  end 
the  pupal  case  is  pushed  open  by  the  parasite  in  the  same  manner  as 
e  host  would  do  it. 

CoquiUctt,  D.  W.  K^w  acalyptntc  Diptcm  from  Noith  Amerin.  Jour.  N.  Y.  But.  Soc,  ▼.  to.  Noi 
>.  S77-X9Z.    Dec.,  X909.    "Apromyza  pmmosa,  sp.  nov.."  p.  189. 

**Sympkm  agnmfi&9t'n.  ftp.  Pemak.  t/tngOx  3  mm.  Notanll  ircll  defined;  preictitiim  wHli  t fo▼^ 
te  furrow;  faoo  opondiy  punctured;  propodeum  with  a  trantrerse  carina;  hind  tarsi  pale.  TypeCat 
.  Z6474  U.  8.  Nat.  Mitt."  (8.  A.  Rohwer).  A  detailed  doKription  wiU  appear  later  in  tho  Bntomo- 
ical  News. 
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PLATE  LX 

Fig.  I. — River  birch  with  bark  removed,  showing  larval  mines  of  Agromyn 
pminosa. 

Fig.  2. — Section  thiottgh  wood  of  river  birch,  showing  "pith-ray  flecks"  produced 
by  the  work  of  AgromyMa  pminosa. 

Photographed  by  H.  B.  Kirk. 
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PLATE  LXI 

Fig.  z. — Agromyga  pruinosa:  Larva  and  details. 

Fig.  a. — Agromym  pruinosa:  Pupa. 

Fig.  3. — Agromyta  pruinosa:  Adult  male. 

Pig.  4. — Agromyta  pruinosa:  Abdomen  of  adult  female,  showing  ovipositor. 

Fig.  s.-^ympha  agromywae:  Adult. 
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A  STUDY  OF  SOME  IMPERFECT  FUNGI  ISOtATED  FROM 
WHEAT,  OAT,  AND  BARLEY  PLANTS 

By  Edward  C.  Johnson, 

Formerly  Pathologist  in  Chafrg€  of  CeretU-DisMse  Investigations, 

Bureau  of  Plant  Industry 

INTRODUCTION 

Of  the  imperfect  ftmgi,  many  are  parasitic  on  cereals  wherever  climatic 
conditions  favor  their  development.  They  occur  as  scab  on  the  heads, 
as  leaf  spots,  and  as  infections  in  the  culms  and  roots.  Usually  one  or 
more  species  are  present  in  the  roots  and  culms  of  stunted  plants,  more 
particularly  where  some  one  cereal  crop  has  been  grown  year  after  year 
on  the  same  land.  A  study  of  the  fungi  occurring  on  wheat,  oats,  and 
barley,  with  particular  reference  to  their  pathogenicity,  is  therefore  of 
much  economic  importance. 

Such  a  study  was  begun  in  the  cereal-disease  laboratory  of  the  Office 
of  Grain  Investigations  of  the  Department  of  Agriculture  in  1 910.  Species 
of  imperfect  ftmgi  were  isolated  from  wheat,  oats,  and  barley  obtained 
from  various  parts  of  the  country.  Helmizitbosporiums,  Altemarias, 
Cladosporiums,  and  Pusariums  were  obtained.  They  were  secured  from 
leaf  spots  or  from  the  lower  nodes,  root  crowns,  or  roots  of  more  or  less 
stunted  plants.  In  many  cases  they  were  obtained  pure  from  fresh  sporu- 
lating  material  on  leaves  and  stems.  In  other  cases  they  were  obtained 
from  the  nodes,  root  crowns,  and  iTX)ts  by  sterilizing  these  parts  exter- 
nally in  a  I  to  1,000  solution  of  mercuric  chlorid,  washing  them  in  several 
changes  of  sterile  water,  and  incubating  them  in  moist  chambers.  After 
incubation  for  three  to  five  days  at  a  temperature  of  72°  to  77^  P.,  sporu- 
lating  myceliums  were  usually  obtained.  Plate  cultures  were  then  made 
and  the  fungi  present  isolated  in  pure  cultures  and  propagated.  On  corn- 
meal  agar,  com  meal,  and  potato  cylinders  most  of  them  grew  and  sporu- 
lated  profusely. 

Pure  cultures  were  obtained  and  grown  and  the  identity  determined 
as  Fusarium  aUmorum  W.  G.  Sm.,  HdmifUhosporwm  gramineum  Rabh., 
Cladospanum  gramineum  Cda.,  and  a  species  of  Altemaria.  The  deter^ 
mination  of  Fnsarium  culmorum  was  made  by  Dr.  H.  W.  WoUenwebcr, 
of  the  Bureau  of  Plant  Industry;  the  other  determinations  were  made 
by  the  writer.  Helminthosporium  gramineum  was  isolated  from  the 
lower  parts  of  the  culms  of  stunted  wheat  plants  growing  on  land  con- 
tinuously cropped  to  wheat  at  the  Minnesota  Agricultural  Experi- 
ment Station,  and  from  wheat  leaves  and  barley  leaves  at  the  same 
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t,  Ckuiosportutn  gratnineum  was  obtained  from  the  leaves  of  oats 
le  same  station.  The  Altemaiia  species  occurring  with  Helmintho- 
Lum  or  independently  were  isolated  from  wheat  culms  in  the  same 
ner  as  Heltninihosporium  gramineum,  Fusartum  culmarum  was  iso- 
I  from  wilted  oat  plants  obtained  from  a  lo-acre  field  on  the  farm  of 
Peter  Hanson,  Sandy,  Utah,  on  May  lo,  1910.  On  this  farm  about 
cres  of  oats  had  been  practically  destroyed  by  disease  a  few  weeks 
'  the  seed  was  planted.  The  plants  sent  to  the  cereal-disease  labora- 
for  examination  and  diagnosis  were  sterilized  by  immersing  them 
I  to  1 ,000  mercuric-chlorid  solution  for  10  minutes,  followed  by  wash- 
in  sterile  water.  They  were  then  placed  in  a  moist  chamber  at  a 
)erature  of  about  75®  F.  for  several  days  and  were  soon  covered  with 
oiriant  ftmgous  growth.  This  proved  to  be  a  pure  culture  of  Fusa- 
^  culmorutn.  It  was  plated  and  grown  on  potato  cylinders  and  com 
[  and  sporulated  abtmdantly. 

:ter  securing  these  ftmgi  in  pure  cultures  and  inducing  profuse 
ulation,  tests  were  made  as  to  their  pathogenicity  on  the  leaves, 
s,  and  seedlings  of  wheat,  oats,  barley,  and  rye. 

:ULATION  OF  LEAVES  OF  WHEAT,  OATS,  BARLEY,  AND  RYE  WITH 
SPECIES  OF  IMPERFECT  FUNGI 

ledling  plants  of  wheat  (Haynes  Bluestem,  Minn.  No.  169),  oats 
ly  Gothland,  Minn.  No.  26),  barley  (Manchuria,  Minn.  No.  105),  and 
(winter)  were  grown  in  the  greenhouse  at  Washington,  D.  C,  in  6- 

pots  under  temperature  and  moisture  conditions  as  nearly  normal 
ossible.  When  the  seedlings  were  2  to  3  inches  high,  inoculations 
I  made  about  an  inch  from  the  leaf  tip,  with  spores  transferred  from 
:  cultures  in  test  tubes  by  means  of  a  flattened  inoculating  needle, 

being  taken  that  little  or  none  of  the  nutrient  medium  was  trans- 
:d  to  the  leaves.  If  any  of  the  medium  accompanied  the  spores, 
rol  plants  were  similarly  treated  with  the  same  medium  minus  the 
es.  Care  was  taken  not  to  injure  the  leaves  in  any  way.  The 
ulated  plants  were  placed  tmder  bell  jars  standing  in  pans  of  sand 
water,  thus  permitting  the  moisture  transpired  to  condense  on  the 
es,  making  an  ideal  condition  for  spore  germination.  They  were 
ved  to  remain  under  the  bell  jars  for  48  hours  and  were  then  removed 
placed  in  the  greenhouse  at  a  temperature  ranging  from  55°  to  65®  F. 
le  I  shows  the  results  of  these  inoculations. 
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Table  I. — ResuUs  of  inoculaHng  seedling  leaves  of  wheat,  barley,  oats,  and  rye  with 
imperfect  fungi  obtained  from  cereals. 


Specks. 

Origin. 

Inocu- 
lated 
on— 

Date  of 
inocula- 
tion. 

incu- 
bation. 

bvof 

inoco- 

la- 

ttfiOf 

Infection. 

Control. 

Test 
No. 

Num- 
ber. 

Per 
cent- 
age. 

Total 
nuxn- 
ber. 

Num- 
bering 

fected. 

3 

Helminthospo- 
rium   grami- 
netmi. 

do 

Wheat  nodei. 

do 

Wheat.. 
...do.... 

X9XX. 
Oct    3x 

Not.  xo 
Oct   3x 
Not.  xo 
Oct   3x 
Not.  xo 
...do 

Days. 
6 

4 
6 

i 

4 
4 

5 
5 
5 
S 

s 

6 
5 
6 
5 
6 
5 
6 
«4 

X4 
X4 
M 

•     3X 

33 
36 
SO 
U 
as 
56 

43 
67 
SO 
4S 
35 

47 
44 
64 
37 
xoS 
37 
3a 
so 

so 
SO 
so 

ax 

X7 
a3 

^? 
x6 

6 

8 

40 
67 
50 
4S 

0 

0 

0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

xoo 

SX 

84 
7« 
66 
a4 

33 

93 

XOO 

xoo 
zoo 

XX 

X3 
Z3 

xa 

7 
xa 

M 

«S 
as 

ao 
aa 

X 

* 

.....do 

do 

Barley.. 
...do 

Oats.... 
...do 

0 

do 

do 

c 

do 

do 

0 

6 

do 

do 

7 

do 

do 

Rye 

0 

do 

Barley  leal  >... 

do 

Wheat.. 
Barley.. 
Oats.... 

Rye 

X9xa. 
Jan.    94 

...do 

...do 

...do 

0 

9 

do 

xo 

do 

do 

0 

u 

do 

Cladosporium 

sraxxiuietixii. 
do 

do 

Oatleaf» 

do 

0 

xa 

Wheat.. 

...do 

Barley.. 

...do 

Oats.... 
...do 

...do  .... 
Wheat.. 

Barley.. 
Oats 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Mar.  X9 

...do 

...do 

X3 
M 
XS 

x6 

do 

do 

do 

do 

do 

do 

17 

do 

do 

do 

Pusariumcul- 

monixn. 
do 

:.::.do::::::::: 

do 

do 

OatieedUngS. 

do 

x8 

19 

so 

SI 

S3 

do 

do 

SJ 

do 

do 

Rye 

...do 

>  Prom  UniTersity  Parm,  St  Paul,  Ifinn. 


*  Prom  farm  of  Mr.  Peter  Hanson.  Sandy.  Utah. 


Table  I  shows  that  the  strains  of  HdmitUhosporium  gramineum  from 
both  wheat  and  barley  mfected  the  leaves  of  wheat,  barley,  oats,  and  rye. 
On  wheat,  barley,  and  rye  the  leaf  spots  at  the  point  of  inoculation  became 
distinct  in  a  little  less  than  three  days  after  inoculation.  These  spots, 
which  had  a  dead  central  area  surrounded  by  a  brown  margin,  slowly 
increased  in  size  until  their  diameter  was  almost  equal  to  the  width  of 
the  leaf.  A  tendency  to  striation  of  the  leaf  area  contiguous  to  the 
spots  was  noticed.  No  striking  difference  could  be  detected  in  the  effect 
of  the  fimgus  from  wheat  or  barley,  the  strain  from  wheat  attacking 
barley  and  rye  fully  as  severely  as  the  strain  from  barley,  and  the  strain 
from  barley  attacking  wheat  and  rye  fully  as  severely  as  the  strain  from 
wheat.  On  oats  the  two  strains  showed  a  slight  difference  in  virulence, 
the  fungus  isolated  from  the  barley  apparently  showing  greater  vigor  in 
its  attack  than  the  fimgus  from  wheat.  In  fact,  three  days  after  inocu- 
lation with  the  fimgus  from  barley,  oat  leaves  were  so  severely  affected 
that  in  many  cases  they  were  cut  in  two,  the  tip  portion  often  breaking 
off  and  falling  to  the  ground.  The  two  strains  behaved  so  similarly, 
however,  that  physiologically  they  undoubtedly  may  be  regarded  as  iden- 
tical. Morphologically,  no  difference  was  detected. 


Digitized  by 


Google 


^"^^I"'!'! 


Journal  of  Agricultural  Research  voi.  i.  no.  6 

[  also  shows  that  Cladosporium  gramineum  and  Fusarium  cul- 
id  not  form  leaf  spots,  even  though  the  number  of  inoculated 
as  fairly  large.  This  was  rather  tmexpected  in  the  case  of 
rium,  as  it  was  obtained  in  pure  culture  by  plating  direct  from 
lass  of  spores  from  a  badly  infected  oat  leaf  in  the  field.  Con- 
Lilture  on  artificial  media  apparently  either  reduced  its  virulence, 
erature  and  moisture  conditions  in  the  greenhouse  not  being 
wtre  conducive  to  infection  by  this  fungus,  or  infection  took 
mally  only  after  aphid  injury  or  other  wotmd.  That  Fusarium 
( did  not  produce  leaf  spot  was  to  be  expected,  as  it  usually 
occvLT  in  this  manner  and  was  not  isolated  from  a  leaf  but  from 
3lant. 

TION  OF  SEED  OF  WHEAT,  OATS,  BARLEY,  AND  RYE  WITH 
SPECIES  OF  IMPERFECT  FUNGI 

'  wheat,  oats,  barley,  and  rye  was  inoculated  widh  spores  of  the 
ins  of  imperfect  fungi  used  in  the  seedling-leaf  inoculation  tests. 
[  were  grown  in  pure  cultures  in  the  same  manner  as  those  used 
dS  inoculation  work.  When  sporulating  profusely,  sterile  water 
ed  into  the  test  tubes,  the  spore  masses  were  loosened  by  the 
,tintun  needles,  and  the  contents  were  well  shaken.  The  water 
g  the  spores  was  then  poured  off  and  diluted  with  sterile  water 
rop  placed  under  the  microscope  was  found  to  contain  from  5 
lore  spores.  Seed  of  wheat,  barley,  oats,  and  rye  was  sterilized 
"sion  for  one  hour  in  a  formalin  solution  consisting  of  2.5  parts 
cent  formaldehyde  to  1,000  parts  of  water  and  was  immediately 
i  inoculated  with  spores  by  soaking  it  in  the  water  containing 
he  seed  was  then  planted  in  6-inch  pots  filled  with  a  sandy  loam 
a  humus  and  placed  in  the  greenhouse  at  temperatures  ranging 
to  65^  P.  The  soil  used  had  been  sterilized  previously  in  a 
rilizer  at  a  pressure  of  15  pounds  for  two  hours,  the  tempera- 
g  approximately  265^  P.  Control  seed  which  had  been  steril- 
lot  inoculated  was  planted  for  comparison  in  every  case.  The 
)m  such  inoculation  and  plantings  in  the  greenhouse  are  shown 
[I. 


Digitized  by 


Google 


Mar.  as,  19x4     Imperfect  Fungi  from  Wheats  Oats,  and  Barley 


479 


Tablb  II. — Results  of  inoculating  sesd  of  wheats  barley,  and  oats  with  imperfect  fungi 

isolated  from  grain  plants. 


Species. 

Origin. 

Inocn- 
lated 
on— 

Date  of 
planting. 

Inoculated  seed. 

Control  seed. 

Test 
No. 

Num- 
ber 

plant- 
ed. 

Germi- 
nated. 

Num- 
ber 

plant- 
ed. 

Oexmi- 
nated. 

Num- 
ber. 

Per- 
cent- 
age. 

Num- 
ber. 

Per- 
cent- 
age. 

Helminth  ospori  u  m 
do 

Wheat  cufan 

do 

Wheat. 

...do.... 
...do.... 

...do.... 

...do.... 
Barley. 
Oats... 
Wheat. 
Barley. 
Oats... 

Wheat. 
Barley. 
Oats... 

Wheat. 
...do.... 

...do.... 
Barley. 
Oats... 
Wheat. 

Barley. 

Oats... 

X91X. 
Nov.  ax 

Dec.     a 
...do 

X9xa. 
J«xi.    X9 

Dec     a 

...do 

...do 

Nov.  19 

...do 

...do 

I9xa. 
Mar.     X 

...do 

...do 

X9XX. 
Nov.  ax 
Dec.     a 

X9xa. 

My.    5 

...do 

...do 

Feb.  a8 

...do 

...do 

ISO 

7a 
78 

X05 

xxa 
xos 

70 
xos 
X05 

70 

J? 

lao 

ISO 
xxa 

80 
80 
90 
xxa 

XIO 

xxa 

34 

«s 

18 

64 

t; 

5S 

6a 
86 
5» 

aa 

63 

a 

xoS 
93 

79 
69 
77 
xos 

96 
104 

aa.6 

34.8 
aj-o 

60.9 

a6.7 
8a.  8 
78.S 
$9.0 
8X.9 
74.  a 

aa.9 

65.5 

X.7 

6x.a 
8a.o 

98.7 
86.a 

ss-s 

93-7 
87.  a 

90 

xxa 
78 

xos 

xxa 
xos 

70 
X05 
xos 

70 

80 

90 

xza 

80 
7* 
90 
84 

68 

93 

sx 
9a 

n 

57 
99 

S3 
57 

80 

u 

73 
93 

79 
7« 

70 

72 

7S.S 

83.0 
65.3 

87.6 

83.0 
79.0 

3 

4 

do 

do 

do 

.:...do::::::::.: 

do 

do 

do 

do 

do 

I 

do 

8Z.4 

do 

Barieyleaf 

do 

87.6 

9 
xo 

do 

70.0 

do 

do 

8^4 

XX 

xa 

yusafiom  ctiliiiof  um. . 
do 

Oat  seedling.... 
do 

St? 

X3 

M 

x6 

do 

do 

85.0 

AJtemaria  sp 

Wheat  cahn 

do 

Wheat  seedling. 
do 

8x.x 

do 

do 

83.0 

9S>7 

\l 

..     do 

86.T 

do^... 

Cladosporimn  srami- 

....  do 

do 

87.7 

ao 

Oat  leaf 

9a.  8 

do 

83.3 
8s*  7 

ai 

do 

do 

9a.  8         sl 

■ 

Table  II  shows  that  the  strains  of  Helminthosporium  gramineum 
isolated  from  wheat  and  barley  were  decidedly  pathogenic  to  germi- 
nating wheat,  only  22  to  60  per  cent  of  the  inoculated  wheat  in  five 
trials  producing  plants,  while  65  to  87  per  cent  of  the  controls  not  inocu- 
lated produced  sound  plants.  These  results  are  shown  further  in  Plate 
LXII,  figure  i.  Barley  and  oats  were  not  affected  to  any  appreciable 
degree  so  far  as  germination  and  sprouting  were  concerned,  the  inocu- 
lated seed  producing  as  large  a  percentage  of  plants  as  the  clean  seed. 
Those  wheat  plants  which  developed  from  inoculated  seed  were  stunted 
and  not  nearly  so  vigorous  as  those  produced  from  clean  seed.  At  the 
end  of  six  weeks  the  difference  in  height  of  plants  from  inoculated  and 
clean  seed  was  very  marked.  The  plants  from  seed  inoculated  with 
H.  gramineum  from  wheat  were  5.5  inches  high  to  the  tip  of  the  second 
leaf  and  those  from  seed  inoculated  with  H.  gramineum  from  barley 
4.88  inches  high  to  the  tip  of  the  second  leaf,  while  control  plants  grown 
from  dean  seed  averaged  6.45  inches  high  to  the  tip  of  the  second  leaf. 

A  similar  difference  was  noticeable  in  barley  plants  grown  from  inocu- 
lated and  dean  seed,  although  the  difference  was  not  quite  as  marked 
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as  in  the  wheat  plants.  This  is  shown  in  Plate  LXII,  figure  2.  Barley 
plants  from  seed  inoculated  with  HelnUtUhosporium  gramineum  from 
barley  were  5.82  inches  high  at  the  end  of  six  weeks,  those  from  seed 
inoculated  with  H,  gramineum  from  wheat  were  6.34  inches  high,  and 
those  from  clean  seed,  6.46  inches  high.  The  measurements  are  the 
averages  of  50  plants  in  each  case.  There  was  no  measurable  difference 
in  the  height  of  oat  plants  grown  from  inoculated  and  from  dean  seed. 
H,  gramineum  was  easily  reisolated  in  every  trial  both  from  stunted 
wheat  and  stunted  barley  plants  by  external  sterilization  in  mercuric- 
chlorid  solution  and  incubation  at  room  temperattue. 

Fusarium  culmorum  was  even  more  virulent  than  Helminihosporium 
gramineum,  particularly  on  oats.  Inoculated  wheat  seed  produced  only 
22.9  per  cent  of  sound  plants,  barley  seed  65.5  per  cent,  and  oat  seed 
only  1.7  per  cent,  while  the  controls  produced  83.3,  88.5,  and  85  per 
cent  of  sound  plants,  respectively.  The  results  of  the  inoculations  are 
further  strikingly  shown  in  PI.  LXII,  figures  3, 4,  and  5.  The  lo-acre  oat 
field  where  this  fungus  was  secured  had  been  practically  destroyed  by 
some  disease,  and  these  results  show  that  F.  cidmorum  undoubtedly  was 
the  causal  organism. 

The  two  strains  of  Altemaria  sp.,  one  isolated  from  wheat  culms  from 
University  Farm,  St.  Paul,  Minn.,  the  other  from  wilted  wheat  seedlings 
from  Vermont,  had  no  pathogenic  effect  on  wheat,  oats,  or  barley,  the 
differences  in  percentage  of  germination  from  inoculated  seed  and  control 
seed  being  so  slight  as  to  be  negligible.  Cladosporium  gramineum  also 
had  very  little  if  any  effect  on  the  seedlings,  the  percentage  of  germina- 
tion from  inoculated  seed  being  only  slightly  smaller  than  from  control 
seed. 

To  determine  further  how  the  Helmintkosporium  gramineum  attacked 
the  seed  and  seedlings,  a  large  number  of  seeds  and  seedling  plants  grown 
from  inoculated  seed  were  dug  and  examined  a  few  days  after  germina- 
tion. It  was  found  that  many  of  the  seeds  had  been  attacked  by  the 
fungus  so  rapidly  that  they  had  not  had  an  opportunity  to  germinate. 
Many  others  had  germinated,  apparently  became  infected  inmiediately, 
and  were  killed  before  they  were  an  inch  high.  Plants  which  survived 
were  severely  affected,  as  shown  by  the  brown  discoloration  at  the  base 
of  the  culms,  a  condition  not  noticed  in  any  of  the  controls.  This  dis- 
coloration usually  occurred  in  the  basal  leaf  sheath.  When  the  plants 
had  grown  for  several  weeks,  it  was  also  very  noticeable  in  the  root  crown. 
The  discoloration  was  not  as  marked  in  barley  grown  from  inoculated 
seed  as  the  discoloration  in  wheat  and  was  entirely  absent  in  oats. 

Numerous  seeds  and  seedlings  inoculated  with  Fusarium  culmorum  were 
also  examined.  Many  seeds  were  found  to  have  been  killed  before  the 
process  of  germination  had  proceeded  sufficiently  far  for  any  roots  to 
form  and  b^ore  the  plumule  emerged  from  the  ground.    Eight  days  after 
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planting,  the  whole  seed  often  was  permeated  by  the  fungus,  the  coi 
of  the  seed  coats  having  a  pink  coloration.  The  plants  which  survived 
discolored  at  the  base  in  a  manner  similar  to  those  of  plants  from 
inoculated  with  Helminthosporium  gramineum.  Where  discoloratioi 
curred,  it  was  the  first  leaf  sheath  which  was  affected,  while  the  o 
stem  or  culm  was  normal  in  appearance  and  color.  The  vigor  c 
plants  from  inoculated  seed  was  markedly  reduced,  and  they  were  st 
than  the  normal  plants  during  the  six  weeks  in  which  they  were  g 
This  was  true  also  of  wheat  and  barley  grown  from  seed  inoculated 
this  fungus. 

COMPARATIVE  ROOT  DEVELOPMENT  OF  WHEAT  PLANTS  GROWN  ] 
SEED  INOCULATED  WITH  HELMINTHOSPORIUM  GRAMINEUM 
FROM  CLEAN  SEED 

To  determine  the  comparative  development  of  the  root  sj^tems  o 
viving  plants  from  seed  inoculated  with  Helminthosporium  grami 
and  from  dean  seed,  two  pots  of  wheat  containing  five  plants  eact 
grown  from  inoculated  and  the  other  from  dean  seed,  were  ren 
to  the  laboratory  and  the  soil  carefully  washed  away  from  the  roo 
terns.  The  roots  were  spread  out  by  floating  them  in  water  and 
drawing  off  the  water.  The  difference  in  development  of  the 
systems  of  the  two  sets  of  plants  was  very  marked.  The  roots  of  ; 
from  inoculated  seed  were  discolored  near  the  root  crown.  They 
also  much  shorter  and  much  less  vigorous  than  roots  of  plants  from 
seed;  this  is  strikingly  shown  in  Plate  LXIII.  Numerous  other  i 
were  examined,  and  it  was  found  that  in  practically  every  case  1 
inoculated  seed  had  produced  plants  which  survived,  the  root  sy 
were  less  vigorous  than  in  plants  grown  from  dean  seed. 

SOIL  INFECTION  WITH  HELMINTHOSPORIUM 

To  determine  whether  or  not  soil  in  which  seed  inoculated  with 
mfMhosporium  gramineum  had  been  planted  would  remain  suffid 
infected  for  any  length  of  time  to  injure  later  plantings,  inoculated 
was  planted  in  pots  in  the  greenhouse  at  Washington,  D.  C,  on  Nove 
21, 191I9  and  the  resulting  plants  were  grown  for  five  weeks  and  the 
off.  Control  pots  were  similarly  planted  with  dean  seed  and  the  { 
removed  after  five  weeks.  These  pots  were  again  sown  on  Januat 
1912,  with  wheat  which  had  been  previously  sterilized  in  a  2.5  to 
formalin  solution.  Of  150  seeds  planted  in  the  soil  in  which  wheat  [ 
had  been  grown  from  seed  inoculated  with  H.  gramineum,  104,  01 
per  cent,  germinated  and  produced  plants,  while  of  90  seeds  plant 
control  pots  76,  or  84.4  per  cent,  germinated.  This  indicates  tha 
soil  remained  infected  during  the  two  months  in  which  the  experi 
was  in  progress.  How  long  soil  remains  infected  in  this  way  is  c 
the  important  problems  in  plant  pathology. 
a8736»— 14 ^4 
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FIELD   BXPERIMENTS  WITH  SEED  INOCULATED  WITH  IMPERFECT 

FUNGI 

In  order  to  test  whether  the  imperfect  fungi  which  were  found  patho- 
genic in  the  greenhouse  on  seeds  and  seedlings  would  act  similarly  tmder 
field  conditions,  field  experiments  were  undertaken  at  University  Farm, 
St.  Paul,  Minn.,  in  the  spring  of  191 2.*  The  two  strains  of  Hdmintko- 
sporium  gramineum  and  the  one  strain  of  Fusarium  cultnorum  which  had 
been  found  pathogenic  in  the  greenhouse  were  tested  in  connection  with 
wheat,  barley,  and  oat  seed.  The  same  varieties  of  grains  which  were 
used  in  the  experiments  at  Washington,  D.  C,  were  used  in  the  field 
experiments.  The  seed  was  treated  in  a  formalin  solution  of  3  parts  of 
40  per  cent  formaldehyde  to  i  ,000  parts  of  water  for  one  hour  ami  after- 
wards was  inoculated  exactly  as  in  the  greenhouse  work  already  described* 
Immediately  after  inoculation,  the  se^  was  planted  in  the  field  in  rows 
I  rod  in  length  and  10  inches  apart,  with  controls  every  alternate  two 
rows.  The  seeds  were  counted.  After  the  grain  had  sprouted  and  the 
plants  were  from  3  to  6  inches  high,  careful  counts  were  made  to  deter- 
mine the  percentage  of  germination  and  observation  made  of  the  vigor 
of  the  plants  during  the  first  few  weeks  of  growth.  The  results  are  given 
in  Table  III. 

TablS  III. — Results  of  inoculoHng  sted  of  vik^at,  hofUy,  and  oats  with  impirfoci  fungi 
isolated  from  grain  plants,  atU  of  planting  them  tn  the  field  at  University  Farm, 
St,  Paul,  Minn, 


* 

Spades. 

Orifin. 

Inocu- 
lated 00- 

Date  of 
planting. 

Inocnlatad  seed. 

Contfolsecd. 

TtMt 

No. 

Num- 
ber 
pbnted. 

Germi- 
nated. 

Num. 
ber 

Germi- 
nated. 

Num. 
ber. 

Per 
cent- 
re. 

Num. 
ber. 

Per 
cent- 
•te. 

X 

• 

• 

do 

..  ..do 

Wheat  cofan... 

do 

do 

Wheat.. 

Barley.. 
Oftts 

I9W. 
Apr.  97 

...do 

...do 

160 

xte 
160 
x6o 
xte 
x6o 
x6o 

xte 
xte 

"S 

ixs 
MS 

89 
X09 
xai 

98 

X14 
96 

7«.x 

71.9 
90.6 
55*6 
6x.8 
75.6 
6x.a 

71.  • 
tec 

XJ9 

Xte 

Xte 
xte 

xte 
xte 
xte 

xte 
ite 

^55 

XJO 
X4« 

xat 
xjx 
X4« 

«JO 

140 

97. 5 

81.  s 
88.7 

76.1 
81.9 

SI 

8z.a 

4 

1 

7 

8 

do 

do 

do 

Pnaaritim  culino* 

rum. 
do 

Barley  leaf.... 

do 

do 

Oatteedliiiff.. 

do 

Wheat.. 
Barley.. 
Oats.... 
Wheat.. 

Barley.. 
Oats 

...do 

...do 

...do 

...do 

...do 

...do 

A 

do 

do 

87.5 

The  results  given  in  Table  III  substantiate  the  results  of  the  experi- 
ments in  the  greenhouse.  Hdminthosporium  gramineum  from  wheat 
when  applied  to  the  seed  reduced  the  percentage  of  germination  of  both 
wheat  and  barley,  but  not  to  the  same  extent  as  in  the  greenhouse  tests. 
Oats  were  not  appreciably  affected.    The  material  used  for  inoculation 

>  In  theae  experiments  the  writer  was  amistcd  by  If  essrs.  Alden  A.  Potter  and  John  H.  Parker. 
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was  not  in  a  profusely  sporulating  stage  and  therefore  not  in  as  active  a 
condition  as  the  material  which  was  used  in  the  inoculations  in  the  green- 
house. The  seed  which  was  inoculated  also  was  still  slightly  damp  after 
the  treatment  in  the  formalin  solution  and  this  trace  of  formalin  might 
have  reduced  the  effectiveness  of  the  spores  to  some  extent.  The  strain 
of  H.  gramineum  from  barley  was  more  virulent  than  the  strain  from 
wheat,  the  percentage  of  germination  being  less  where  this  strain  was 
used  for  inoculation  than  where  the  strain  from  wheat  was  used.  After 
inoculating  with  this  strain,  even  the  germination  of  the  oats  was  con- 
^erably  affected.  The  material  used  for  inoculation,  however,  was  in 
better  condition  than  the  material  of  the  strain  from  wheat,  as thefungus 
was  sporulating  abundantly  when  used.  The  plants  of  both  wheat  and 
oats  which  survived  were  less  vigorous  than  the  plants  from  dean  seed, 
being  slightly  smaller  than  the  plants  in  the  control  rows. 

Fusarium  culmorum  also  was  virulent,  particularly  on  oats,  and  its 
effect  on  wheat  and  barley  was  marked.  The  wheat  plants  which  sur- 
vived after  inoculation  with  this  fungus  were  smaller  than  those  in  the 
control  rows,  the  difference  being  measurable.  Several  of  the  plants 
were  dying  when  counted.  In  the  case  of  barley  the  difference  in  the 
plants  from  inoculated  seed  and  control  seed  was  not  marked,  while  in 
the  case  of  oats  many  plants  from  the  inoculated  seed  were  very  weak 
when  counted,  the  difference  in  vigor  between  them  and  plants  from 
dean  seed  being  very  noticeable.  There  was  a  sufiident  difference  in 
stand  between  rows  from  inoculated  and  from  dean  seed  in  the  case  of 
wheat,  oats,  and  barley  to  be  noticeable  even  without  counting  the  plants. 

That  the  reduction  in  germination  and  injury  to  seedlings  was  less 
marked  in  the  fidd  experiments  than  in  the  greenhouse  experiments  may 
be  due  to  several  causes.  The  temperatures  in  the  fidd  were  consider- 
ably lower  than  under  greenhouse  conditions,  and  the  fungi  may  have 
been  less  active  for  that  reason.  Again,  the  grain  which  had  been  treated 
with  a  formalin  solution  was  not  absolutely  dry  when  inoculated  and  the 
trace  of  formalin  present  may  have  reduced  the  vitality  of  the  spores. 
One  other  fact,  however,  which  may  have  had  a  marked  influence  is  that 
in  the  field  the  fungi  used  for  inoculation  would  have  to  compete  with 
other  fungi  and  bacteria  in  the  soil  and  many  of  the  spores  may  have  been 
injured  before  they  could  germinate  and  infect  the  grain.  That  such 
competition  between  fungi  and  bacteria  in  the  soil  may  not  be  uncommon 
was  indicated  in  a  preliminary  experiment  in  the  greenhouse  where  wheat 
inoculated  with  HelnUnOiosporium  gramineum  was  planted  in  sterilized 
and  unsterilized  soil.  It  was  found  that  the  wheat  planted  in  the  ster- 
ilized soil  was  more  severely  injured  by  the  fungus  than  the  wheat  planted 
in  unsterilized  soil,  the  percentage  of  germination  being  less  in  the  ster- 
ilized soil  than  in  the  soil  not  sterilized.    In  a  second  experiment  of  this 
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nature  the  results  were  not  as  marked  as  in  the  first,  although  there  was 
a  difference  in  germination  of  3.8  per  cent  between  inoculated  wheat 
planted  in  sterilized  soil  and  inoculated  wheat  planted  in  soil  whidi 
had  not  been  sterilized. 

A  SYNOPSIS  OF  WORK  RELATIVE  TO  HELMINTHOSPORIUMS  AND 
FUSARIUMS  ON  CEREALS 

The  most  comprehensive  study  of  Helminthosporiums  on  grains  is 
that  of  Ravn  (20)^  who  isolated  three  species  from  barley  and  oats  and  by 
cultural  and  inoculation  experiments,  as  well  as  a  study  of  the  morphology, 
definitely  established  their  identity.  Bidam  (12)  was  the  first  to  under- 
take inoculation  experiments  with  species  of  Helminthosporiums.  He 
inoculated  barley  with  a  strain  of  Helminthosporitun  secured  from  oats, 
but  without  positive  results.  Ritzema  Bos  (21)  describes  some  of  the 
diseases  of  barley  in  Holland  and  ascribes  them  to  H.  gramineum. 
Frank  (13)  describes  a  disease  of  barley  which  appears  on  the  lower  leaves 
of  young  plants  and  spreads  gradually  upward  and  believes  it  to  be  due 
to  an  infection  of  H.  graminettm.  Ritzema  Bos  (22)  describes  a  dis- 
ease on  oats  slightly  (!Ufferent  from  a  leaf  spot  in  barley  and  believes  it 
to  be  caused  by  H.  gramineum.  Pammel  (18)  describes  a  characteristic 
barley  disease  appearing  in  the  United  States  and  believes  H.  gramineum 
to  be  the  causal  organism.  Many  other  investigators,  both  in  Europe 
and  this  country,  have  studied  the  Helminthosporiums  on  grains  with 
more  or  less  definite  results,  and  the  literature  on  the  subject  is  extensive. 
Practically  all  these  studies,  however,  have  been  based  on  examinations 
of  diseased  plants  and,  with  the  exception  of  the  work  of  Bidam,  already 
quoted,  have  not  been  based  on  cultural  and  inoculation  work.  Hecke 
(14)  secured  a  pure  culture  of  H,  gramineum  from  barley  plants.  He 
inoculated  seedling  barley  plants  both  with  mycelium  and  sderotia  and 
secured  positive  results  in  the  formation  of  brown  spots  on  the  leaves. 
Ravn  (20)  cleared  up  the  question  of  identity  of  three  species  of  the 
Helminthosporiums  attacking  barley  and  oats.  In  extensive  cultural 
and  inoculation  studies  he  obtain^  pure  cultures.  One  of  these  he 
secured  from  stunted  barley  plants  and  established  that  it  was  the  cause 
of  deep-seated  infection  in  the  tissues  of  leaf,  stem,  and  roots,  while 
another  species  affected  only  the  leaves,  but  was  not  systemic  The 
first  he  attributes  to  H.  gramineum,  the  second  to  H.  teres  Saa  A 
similar  disease  on  oats  is  attributed  to  H.  avenae  Br.  and  Cav.  These 
three  fungi  were  studied  in  pure  cultures  on  beer  wort  and  other  culture 
media  and  found  to  differ  in  cultural  characteristics,  H.  gramineum, 
after  14  to  20  days'  growth  on  beer  wort,  producing  a  snow-white,  uni- 
formly smooth  mycelium;  //.  teres,  a  much  less  abundant  mycelium, 

>  Bibliograpbic  dutions  in  porenUieses  refer  to  *'  Literatiu^  dtcd."  pp.  487-489. 
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which  gathers  more  or  less  in  masses;  and  //.  avenae,  a  mycelium  more 
nearly  resembling  H.  gramineum,  but  less  smooth  and  with  more  of  a 
tendency  to  mass  together.  The  developmental  history  and  morphology 
of  the  mycelium  and  conidia  in  culture  was  very  similar  for  the  three 
species,  but  when  the  conidia  were  measured  in  large  numbers  those  of 
H.  teres  were  slightly  longer  than  those  of  H,  gramineum  and  those  of  H. 
avenae  slightly  larger  than  those  of  H.  teres. 

In  a  series  of  inoculation  experiments  Helminihosporium  teres  from 
barley  transferred  to  barley,  but  not  to  oats,  rye,  or  wheat;  H.  grami- 
neum to  barley,  but  not  to  oats;  and  H.  avenae  to  oats,  very  slightly  to 
barley,  and  not  to  rye. 

Until  Ravn  made  these  intensive  studies  of  the  three  Helminthospo- 
riums  they  had  been  confused  in  the  literature  as  to  identity.  The  strain 
of  H.  gramineum  discussed  in  this  paper  corresponds  in  cultured  and 
morphological  characteristics  to  the  descriptions  by  Ravn. 

Pammel,  King,  and  Bakke  (19)  report  a  number  of  species  of  Helmin- 
thosporium  on  cereals  in  Iowa,  among  them  H.  gramineum.  They  cite 
inoculation  tests  to  show  that  infection  occurred  when  barley  seedlings 
were  inoculated  with  spores  of  this  fungus  and  when  the  soil  in  which 
seedlings  grew  was  inoculated.  Beckwith  (5)  reports  the  isolation  of 
undetermined  species  of  Helminthosporium  from  old  wheat  soils,  roots, 
and  stems  of  wheat  in  North  Dakota,  but  no  inoculation  experiments 
are  mentioned.  A  comprehensive  bibliography  of  the  literature  on 
Helminthosporiums  up  to  1900  is  given  by  Ravn  (20). 

The  literature  relating  to  Fusariums  on  grains  is  also  very  extensive. 
Chester  (10)  reports  that  F.  culmorum  is  the  cause  of  the  disease  known 
as  scab  of  wheat  and  shows  that  many  shrunken  wheat  kernels  con- 
tain a  fungous  mycelium.  Detmers  (11)  shows  that  the  disease  known 
as  wheat  scab  in  Burope  and  caused  by  F.  culmorum  has  become  preva- 
lent in  America.  Selby  (30)  ascribes  wheat  scab  in  Ohio  to  the  fungus 
F.  roseum  Link,  and  believes  the  conidial  form  of  Gibberella  saubinetU  to 
be  its  conidial  stage.  Some  field  inoculations  with  Fusarium  attempted 
by  him  were  qpsuccessful. 

The  first  investigator  to  show  with  any  degree  of  certainty  that  Fusa- 
rium infection  can  be  carried  with  the  seed  is  Rostrup  (25,  26,  27,  28). 
Ritzema  Bos  (24),  Westerdijk  (35),  Volkart  (34),  Appel  (i,  2),  and  Selby 
and  Manns  (31)  came  to  similar  conclusions.  Sorauer  (32,  33)  was  the 
first  to  prove  that  infection  could  be  carried  with  the  seed.  He  main- 
tains, however,  that  infection  in  this  manner  is  of  small  consequence 
as  compared  with  infection  through  the  soil. 

Selby  and  Manns  (31),  in  their  studies  on  the  form  Gibberella,  con- 
clude that  this  fuiigus  attacks  rye,  oats,  barley,  and  spelt.  Inoculations 
on  wheat  with  pure  cultures  of  Gibberella  saubinetti  (Mont.)  Sacc.  from 
peritheda  on  wheat  reduced  germination  to  the  extent  of  1 7.1  and  32.4 
per  cent,  respectively.  Similar  results  on  both  wheat  and  oats  were 
obtained  by  them  with  Fusarium  roseum  from  wheat  and  clover. 
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Appel  (3)  believed  that  infection  with  Fusarium  nivcUe  Ces.  is  due 
principally  to  soil  infection,  while  Hiltner  and  Ihssen  (15)  believe  that 
seed  infection  is  of  more  importance. 

Muth  (17)  carried  on  pure  culture  inoculation  experiments  on  rye  with 
Fusarium  roseum.  In  these,  55  per  cent  of  the  inoculated  seed  sprouted 
while  only  63  per  cent  of  the  controls  sprouted.  A  large  number  of 
plants  from  inoculated  seed,  however,  showed  the  results  of  infection 
through  a  yellowish  or  yellowish  brown  discoloration  of  the  roots. 

Beckwith  (4)  reports  numerous  isolations  of  Fusarium  species  and 
other  imperfect  fungi  from  stems  and  roots  of  wheat  grown  on  soil 
continuously  cropped  to  wheat  and  from  the  soil  itself. 

Mortensen  (16)  demonstrated  that  rye  seed  heavily  infected  with 
Fusarium  nivale  Ces.  produced  diseased  plants.  He  states  that  not  only 
F.  nivale  but  other  Fusariums  produce  root  diseases  in  cereal  plants. 

BoUey  (6),  from  extensive  field  studies  on  wheat  from  land  continu- 
ously cropped  to  wheat,  has  come  to  the  condu^on  that  "through  the 
practice  of  continuous  wheating,  soils  in  many  cases  have  become  in- 
fected with  from  one  to  three  or  four  definite  parasitic  fungi  which 
attack  in  the  same  manner  as  the  flax-sick  fungi  attack  and  destroy  the 
flax  crop  on  flax  lands  and,  therefore,  such  wheat  lands  may  be  said  to 
be  'wheat  sick.'"  These  views  are  further  elaborated  by  him  from 
extensive  field  studies  and  observations  (7,  8).  BoUey  (9)  also  reports 
on  the  isolation  of  a  considerable  number  of  imperfect  fungi  from  the 
nodes  and  intemodes  of  wheat  plants  grown  on  experimental  plats  at 
the  North  Dakota  Agricultural  Experiment  Station.  Among  them  unde- 
termined species  of  Helminthosporium  and  Fusarium  occurred  in  abun- 
dance.   No  inoculation  experiments  are  reported. 

Schaffnit  (29)  in  a  comprehensive  work  on  "Schneeschimmel"  gives 
a  discussion  of  the  fungus  Fusarium  nivale  with  felation  to  its  occur- 
rence, morphology,  cultural  characteristics,  phj^iology,  and  preventive 
measures.  He  shows  that  this  disease  is  due  both  to  soil  infection  and 
seed  infection,  the  former  being  more  common.  Incidental  to  his  work 
on  F.  nivale  Schaffnit  (29)  performed  some  inoculation  experiments 
with  F.  rubiginosum  Appel  and  WoU.  on  etiolated  rye  seedlings  in 
damp  atmosphere  with  positive  results.  The  number  of  inoculations 
is  not  stated.  F.  rubiginosum  has  recently  been  demonstrated  by 
Dr.  H.  W.  WoUenweber  to  be  identical  with  F.  ctdmorum.  A  compre- 
hensive bibliography  of  literature  dealing  with  Fusariums  on  cereals  is 
given  by  Mortensen  (16). 

CONCLUSIONS 

The  experiments  described  in  this  paper  and  the  literature  cited 
show  that  some  of  the  imperfect  fungi  occurring  on  small  grains  and 
inducing  leaf  spots  br  S3rstemic  infections  are  pathogenic  when,  under 
favorable  conditions,  they  come  in  contact  with  seeds  and  seedlings. 
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while  other  fonns  apparently  are  nonparasitic.  Hdminthos 
gramineum  and  Fusarium  culmorum  were  found  to  be  parasitic 
Cladosporium  gramineum  and  an  undetermined  species  of  Altenar 
not  parasitic  under  the  conditions  here  described.  That  only 
species  are  pathogenic  is  to  be  expected.  Their  identity  as  well 
of  the  large  number  of  forms  apparently  saprophytic  on  cereals  i 
or  less  confused  in  the  literature  but  should  be  determined,  a 
extent  to  which  these  fungi  affect  cereals  should  be  ascertaa 
laboratory  and  greenhouse  studies.  These  need  to  be  reinforced  t 
culture  inoculations  of  seeds,  seedlings,  plants  in  various  st 
growth,  and  soil  under  field  conditions  before  the  exact  relation  < 
fungi  to  cereal  cropping  can  be  definitely  established. 
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leedlings  from  seed  ixioculated  with  spotta  d  Hghmnfhasporium 
m  seed  externally  sterilized ;  photographed  three  weeks  after  pUmt- 
»ws  of  pots  on  the  left  were  sown  with  seed  inoculated  with  spans 
rem  barley,  the  two  lows  in  the  center  with  sterilized  seed,  and 
the  right  with  spona  of  H.  gramineum  &om  wheat, 
leedlings  from  seed  inoculated  with  H^Umnihosporivm  gtamimum 
i  seed;  photographed  three  weeks  after  planting.  The  three  rows 
't  horn  seed  inoculated  with  spores  of  H.  gramineum  ftom  barley, 
ws  fiom  seed  externally  sterilized,  and  the  row  on  the  ri^t  fraoi 
th  H,  gramineum  from  wheat. 

leedUngs  from  seed  inoculated  with  spores  of  Fusarhim  cuhwrum 
[two  lows  of  pots  on  right)  and  from  seed  externally  sterilised  (two 
:).  Photographed  two  weeks  after  planting, 
leedlings  from  seed  inoculated  with  spores  of  Fusarium  cubmormm 
(two  rows  of  pots  on  right)  and  from  seed  externally  sterilized 
).    Photographed  two  weeks  after  planting. 

llings  from  seed  inoculated  with  spores  of  Fusarium  cuhuorum  from 
lows  on  right)  and  from  seed  externally  sterilized  (three  rows  on 
td  two  weeks  after  planting. 
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PLATE  LXIII 

Root  systems  of  wheat  seedlings  grown  in  6-inch  pots  from  seed  exten 
(left)  and  from  seed  inoculated  with  Hthmnihosporium  granUneu 
(light).    Photographed  six  weeks  after  planting. 
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THE  ORIGIN  OP  SOME  OP  THE  STREPTOCOCCI  FOUND 

IN  MILK 

By  L.  A.  R008SS  and  Aiuvolo  O.  Dahlbsro, 
Dairy  Division,  Bureau  of  Animal  Industry 

INTRODUCTION 

In  the  higher  plants  and  ammals  we  are  accustomed  to  associating 
species  with  a  more  or  less  definite  habitat.  Certain  animals  are  found 
only  in  certain  localities.  One  species  of  trees  may  be  found  only  on 
a  particular  type  of  soil.  A  still  narrower  limit  of  distribution  is  found 
in  some  of  the  parasitic  fungi  which  grow  only  on  closely  related  host 
plants.  Zoologists  or  botanists  find  the  types  on  which  they  base  their 
descriptions  in  the  natural  habitat  of  the  organism.  This  relation  has 
not  always  existed  in  the  published  descriptions  of  bacteria.  The 
association  of  a  natural  group  with  a  particular  habitat  has  been  more 
or  less  incidental,  except  perhaps  with  the  pathogenic  bacteria,  and 
even  with  some  of  these  it  is  not  impossible  that  the  pathological  con- 
ditions under  which  they  are  found  may  not  be  the  true  habitat  of  the 
species.  The  colon  group,  while  it  is  frequently  found  in  water  and  milk, 
has  its  natural  habitat  in  the  intestinal  tract  of  warm-blooded  animals. 
T^t^nslow  found  that  certain  chromogenic  coed  were  associated  with 
the  sldn  of  animals.^  Some  of  the  English  bacteriologists  have  pointed 
out  that  the  streptococci  from  horse  manure,  for  instance,  have  a  set  (rf 
physiological  reactions  which  differentiates  them  from  those  from  saliva 
or  pathological  conditions.'  It  is  only  through  a  knowledge  of  the  habitat 
and  the  study  of  su£Scient  cultures  to  establish  a  type  that  true  bacterial 
species  can  be  determined.  If  we  were  to  write  a  description  of  the 
German  people  we  would  go  to  Germany,  not  to  an  American  city 
where  German  immigrants  live. 

Countless  descriptions  have  been  written  of  bacteria  isolated  from 
milk  until  we  have  come  to  consider  certain  types  as  peculiar  to  this 
meditun.  The  bacteria  fotmd  in  milk,  however,  are  a  heterogeneous 
collection,  and  the  true  t3rpes  of  milk  bacteria  are  to  be  sought  in  the 
sources  from  which  milk  is  contaminated.  Esten  has  suggested  that 
the  streptococci  or  lactic-add  bacteria  of  milk  come  originally  from 
.  the  mouth  of  the  cow.'    The  feces  of  the  animal  must,  unfortunately, 

1  Winslow.  C.  B.  A.,  and  Winslow,  Anne  R.  SyiffmaHr  rrhtinnthlpt  oi  thcOoccacqe.  ed.x,joei>., 
iUns.   New  York,  1908. 

s  Andrewct,  P.  W.  Report  on  the  mkro-organiant  prceent  In  lewcr  air  and  in  the  air  ol  drains,  jdtli 
Ami.  Rpt  Local  Govt.  Bd.  (Gt.  Brit.],  igofr-o?.  Soppl.  Rpt.  Med.  Off.,  p.  183-904.    1908. 

*  Btten.  W.  M.  Bacterium  lactia  addi  and  its  sources.  Conn.  Storrs  Agr.  Bzpt.  SU.  BuL  59,  97  p., 
5  fig.    X909. 
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be  considered  as  a  possible  source  of  bacteria  in  milk,  among  whidi 
would  undoubtedly  be  fotmd  members  of  the  lactic  group.  Kinyoun 
and  Dieter  believe  that  the  presence  in  milk  of  coed  which  form  diains 
in  lactose  bile  at  37^  C.  is  presumptive  evidence  that  the  milk  is  con- 
taminated with  feces.^  It  is  the  more  common  practice,  however,  to 
consider  this  type  as  the  indication  of  the  presence  in  the  herd  pro- 
ducing the  milk  of  one  or  more  cows  with  infected  udders. 

The  mouth  is  known  to  contain  streptococci,  and  the  habit  of  cows  of 
licking  their  flanks  and  udders  provides  a  more  or  less  direct  connection 
between  the  mouth  and  the  milk  pail.  Bach  of  these  sources  may  be 
considered  as  the  normal  habitat  €i  bacteria.  Under  these  conditions 
they  persist  for  indefinite  generations,  adapting  themselves  to  their 
environment  until  it  is  reasonable  to  suppose  the  characters  acquired 
become  sufficiently  fixed  to  have  at  least  varietal  significance. 

The  study  of  streptococci  originating  within  such  circumscribed  limits 
is  of  interest  in  addition  to  its  taxonomic  importance,  in  the  light  it  may 
cast  on  the  origin  of  some  of  the  bacteria  in  milk  and  the  significance 
from  the  hygienic  standpoint  of  the  presence  of  certain  types. 

In  this  paper  are  recorded  the  results  of  a  study  of  streptococci  repre- 
senting three  of  the  possible  sources  from  which  this  group  may  find  its 
way  into  milk.  The  morphology  cS  this  collection  was  studied  with 
the  hope  that  this  would  give  some  basis  for  a  division  into  varieties. 
The  ability  of  these  cultures  to  utilize  a  number  of  carbohydrates  and 
alcohols  was  detamined.  On  the  basis  of  these  fermentations  several 
groups  are  established,  each  of  which  is  made  up  erf  a  large  number  of 
identical  cultures  constituting  the  type  about  which  are  grouped  similar 
cultures,  but  which  varied  from  it  in  one  or  two  reactions.  The  prob- 
able relation  of  one  of  these  groups  to  well-known  species  is  pointed  out. 

THE  CULTURES  STUDIED 

A  collection  cS  streptococci  were  obtained  from  milk,  from  bovine 
feces,  from  the  mouths  of  cows,  and  from  the  udders  of  cows.  With  the 
exception  of  those  from  milk  an  efiFort  was  made  to  make  the  cultures 
as  representative  as  possible.  The  procedure  of  isolating  the  milk  cul- 
tures followed  that  usually  employed  in  the  laboratories  of  boards  of 
health.  Small  portions  of  the  milk  were  added  to  lactose-bile  tubes 
which  were  incubated  at  37*^  C.  Tubes  showing  streptococci  in  distinct 
chains  on  microscopical  examination  were  plated  on  lactose  agar  and  the 
chain-forming  coed  subctiltured.  In  this  way  42  cultures  were  isolated 
from  25  samples  of  milk  and  cream  collected  at  Washington  or  at  the 
creamery  at  Troy,  Pa.  No  two  samples  came  from  the  same  farm.  A 
few  cultures  were  obtained  through  the  courtesy  of  Dr.  Elinyoun  and 
Mr.  Dieter  from  lactose-bile  tubes  in  the  laboratory  of  the  health  depart- 
ment of  the  District  of  Columbia.    These  cultures,  therefore,  did  not 

>  Kinyoon.  J.  J.,  cod  Dktcr,  L.  V.  A  bMtcriologicftl  ttndy  of  the  milk  fopply  of  WMhtaftoii.  D.C 
Jour.  Amer.  Pub.  Health  Anoc.  ▼.  s,  no.  4*  P*  ate-*74«    I9M. 
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represent  the  nonnal  streptococci  of  milk  but  rather  those  which  would 
usually  be  distinguished  as  indicating  contamination  from  infected  udders 
or  fecal  sources. 

Fifty-one  cultures  were  isolated  from  19  samples  of  milk  obtained 
by  milking  directly  into  sterile  test  tubes.  The  cows  from  which  these 
samples  were  obtained  represented  all  gradations  of  infected  udder 
from  occasional  evidence  of  garget  to  acute  mammitis.  Part  of  these 
were  in  the  Dairy  Division  herd  at  Bdtsville,  Md.,  and  the  remainder  in 
the  herd  on  the  Naval  Academy  farm  at  Annapolis,  Md.  One  hundred 
and  fourteen  cultures  came  from  56  samples  of  cow  manure  obtained^ 
with  the  exception  of  a  few  from  Troy,  Pa.,  at  the  Dairy  Division  farm 
and  at  the  dairy  of  the  Government  Hospital  for  the  Insane  at  Wash- 
ington. Thirty-nine  cultures  were  made  from  the  mouths  ct  ftnimalg 
at  the  Dairy  Division  farms.  With  the  exception  of  one  culture  obtained 
from  the  mouth  of  a  mule,  all  of  these  cultures  were  of  bovine  origin. 
In  Table  II  the  origin  ci  the  culture  is  indicated  by  M  for  milk,  U  for 
udder,  F  for  feces,  and  B  for  mouth.  The  sample  from  which  the  culture 
was  secured  is  indicated  by  a  number  following  the  letter.  For  instance, 
"F15"  represents  sample  of  feces  No.  15.  This  win  enable  the  reader 
to  determine  the  origin  of  each  culture  and  the  number  of  cultures  from 
each  sample. 

MORPHOLOGY  OF  THE  CULTURES 

While  it  is  generally  recognized  that  there  is  little  morphological  basis 
for  subdivisions  of  the  streptococci,  reference  is  frequently  made  to 
certain  types  of  ceUs.  Stowell,  Hilliard,  and  Schlesinger/  in  sdectii^ 
streptococci  from  milk  for  comparison  with  those  isolated  from  the 
human  throat,  rejected  diplococd  and  the  oval-chained  form  which  they 
designate  as  the  Streptococcus  lacticus  of  Kruse  or  the  BadUus  lactis 
acidi  group,  respectively.  In  selecting  our  cultures  no  attention  was 
paid  to  morphology  beyond  determining  that  it  was  a  coccus  apparently 
dividing  in  one  plane,  with  the  exception  of  those  from  milk,  which  were 
not  accepted  if  they  did  not  form  chains  of  at  least  8  or  10  cells.  The 
morphology  of  nearly  all  cultures  was  determined  by  examination  of 
specimens  stained  with  gentian  violet.  Camera-ludda  drawings  were 
made  udng  a  Leitz  3  mm.  objective  and  No.  18  ocular,  a  combination 
which  gave  a  magnification  of  2,400  diameters  at  the  ocular,  or  4,800 
diameters  on  the  drawing  board.  Sufficient  light  to  give  a  dear  image 
was  obtained  by  using  a  special  arc  light  with  a  copper-sulphate  ray 
filter. 

Preliminary  studies  showed  that  the  medium  on  which  the  culture  was 
grown  had  an  appreciable  influence  on  both  the  size  and  the  form  of  the 
cell.  This  is  shown  in  figure  i,  which  is  reproduced  from  camera-ludda 
drawings  of  typical  cultures  grown  on  various  media.     Milk  gave  quite 

>  StoweO»  B.  C,  mnUrd,  C.  M..  and  Schksingcr,  M.  J.,  A  tUtistkal  gtudy of  the  stfcptooood  from  milk 
md  from  the  hunan  throat.    Jour.  Infect.  Discaaet,  ▼.  xs,  no. «,  p.  144-164.    19x3. 
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uniformly  smaller  cells  and  less  tendency  to  chain  formation  than  broth 
or  agar.  The  cells  at  a  are  from  culture  lo  on  milk,  b  on  broth,  and  c  on 
agar,  all  incubated  48  hours  at  37*^  C.  The  difference  between  the  dis- 
tinctly rod-shaped  cell  found  on  agar  and  the  small  round  cell  obtained 
from  milk  is  marked.  That  differences  in  size  of  cells  are  not  due  entirely 
to  differences  in  the  medium  is  shown  by  the  chain  at  h.  This  com- 
bination of  small  and  large  cells  in  a  single  chain  is  not  unusual  in  broth, 
a  medium  in  which  there  is  a  marked  tendency  to  form  enlarged  and 
abnormal  cells.  In  some  cultures  the  transition  from  normal  cells  to 
those  of  monstrous  size  and  form  was  so  rapid  that  it  was  di£Bcult  to 
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showing  what  could  be 
considered  normal  cells. 
The  most  satisfactory 
preparations  were  ob- 
tained in  incubating 
broth  cultures  until  a 
distinct  cloudiness  was 
obtained,  centrifuging 
the  culture,  siphoning 
off  the  broth,  and  wash- 
ing the  sediment  with 
sterile  water.  After  cen- 
trifuging again  the  wa- 
ter was  siphoned  off,and 
apreparationmadefrom 
tbesediment.  Thisgave 
a  dear  field  suitablefor 
examination  under  a 
high-power  microscope. 
Various  types  of  cells  which  were  found  in  this  collection  are  shown  in 
figure  2.  It  will  be  observed  that  much  of  the  variation  in  these  types  is 
in  size  only  or  in  chain  formation.  The  slender-pointed  cells  shown  at  F 
were  peculiar  to  the  cultures  obtained  from  the  mouth  of  animab*  but  the 
cultures  from  this  source  were  not  confined  to  this  type.  In  Table  II  the 
letter  under  the  heading  "Morphology"  refers  to  figure  2,  although  it  is 
obvious  that  in  many  cases  the  assigrunent  to  a  particular  type  can  be 
only  an  approximation.  The  variation  of  the  morphology  is  so  great  and 
so  easily  affected  by  the  environment  that  it  was  not  considered  in  the 
final  .arrangement  of  groups.  It  should  be  stated,  however,  that  among 
the  udder  cultures  the  tendency  to  chain  formation  was  much  more 
marked  and  more  constant  than  among  all  other  cultures. 

METHODS  OF  DIFFERENTIATION 

When  morphological  distinctions  are  lacking,  we  are  forced  to  use  the 
physblogy  of  the  origanism  as  a  basis  of  classification.    No  single  system 


Pio.  X.— CeUtol  ftreptococd,  ihowinc  Tmiiatioa  in  lixe  and  morph- 
ology. a,ciiltiireiooaiiulk;6,cti]ttiretoofibroth;  c.  ctttture  lo  00 
•gar;  tf,  cultiire  U  on  kcCote  bite;  «,  cultaie  It  on  broth;  /,  caltttfc^m 
on  milk;  9  and  A,  culttire  9^  on  broth. 
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of  characters  can  be  adopted  for  all  classes  of  bacteria.  The  significant 
characters  will  be  found  for  each  group  only  by  a  study  of  its  normal 
activities  and  the  utilization  of  those  functions  which  show  the  nature, 
limitations,  and  relationship  of  the  group.  The  striking  characteristic 
of  the  streptococci  is  their  ability  to  form  adds  from  carbohydrates  and 
related  substances,  and  this  peciiliarity  has  been  very  generally  utilized 
for  purposes  of  classification.  The  voluminous  literature  bearing  pro 
and  con  on  the -constancy  and  the  value  of  these  tests  has  been  reviewed 
fully  in  various  papers  and  need  not  be  taken  up  here.  It  may  be  safely 
asserted,  however,  that  the  fermentative  ability  is  as  constant  and  as 
significant  for  purposes  of  classification  as  the  characters  adopted  by 
those  who  reject  the  fermentation  tests  as  too  variable.  For  instance, 
Davis,  who  rejects  the  sugar  fermentations  as  untrustworthy,  divides  the 
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Pxo.  a.— Types  of  ceUs  of  streptococci. 


streptococci  into  five  groups  on  the  basis  of  hemolysis,  green  colonies  on 
blood  agar,  capsule,  solubility  in  bile»  inulin  fermentation,  experimental 
arthritis,  and  experimental  endocarditis.^ 

For  purposes  of  classification,  we  have  used  the  liquefaction  of  gelatin 
and  the  fermentation  of  dextrose,  saccharose,  lactose,  ra£Snose,  starch, 
inulin,  mannite,  and  glycerin.  Adonite  and  duldte  were  tested,  but  as 
they  were  fermented  by  only  one  or  two  of  these  cultures  they  were  of 
no  value.  The  liquefaction  of  gelatin  was  determined  by  inoculating 
the  surface  of  the  gelatin  tube  with  a  few  drops  of  a  broth  culture  and 
measuring  the  liquefaction  after  30  days  at  20**  C. 

The  fermentation  of  the  test  substances  was  determined  in  a  medium 
made  as  follows: 

Percent. 

Beef  extract a  4 

Peptone i.  o 

Dibasic  potassium  phosphate 5 

Test  substance 2.  o 

>  Davis,  D.  1.    Interrelations  in  the  streptococcus  group  with  special  reference  to  anaphylactic  reactions. 
Jour.  Infect  Diseases,  ▼.  i»,  no.  3,  p.  386.    29x3. 
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ultures  were  incubated  for  seven  days  at  30^  and  titrated  cold 
bwentieth-normal  sodium  hydrate  with  phenolphthalein  as  an  indi- 
Prom  the  results  so  obtained  is  subtracted  the  titration  of  a  blank, 
result  is  expressed  as  the  percentage  of  normal  add.  Some  objec- 
r  be  raised  against  the  use  of  30^  C.  as  an  incubation  temperature 
ban  the  more  common  one  of  37®.  The  lower  temperature  was 
because  practically  all  streptococci  will  grow  at  this  temperature, 
few  grow  at  37®  slowly  or  not  at  all. 

srmentation  produced  by  the  streptococci  is  in  almost  all  cases 
ed  that  there  is  very  rarely  any  question  about  the  presence  or 


Fio.  3 .— Canre  showing  the  typical  rate  ol  f enncntatka  of  dectioie  and  glyceriii. 

of  the  fermentation.  Of  all  the  substances  we  have  used  gly- 
rms  an  exception  to  this  rule.  The  fermentation  proceeds 
ad  in  seven  days  may  be  slightly  above  or  slightly  below  i  per 
mal  add,  the  point  sdected  as  marking  the  line  between  fer- 
m  and  no  fermentation.  This  is  illustrated  by  Table  I,  which 
le  progresave  rate  of  fermentation  by  t3rpical  cultures.  Three 
fermenting  dextrose  are  induded  to  show  the  usual  course  of  the 
ition  in  the  more  easily  fermented  sugars.  Each  titration  was 
>m  a  separate  tube.  A  study  of  this  table  shows  that  the  12 
may  be  divided  into  three  quite  distinct  t3rpes  on  the  basb  of 
!  of  fermentation  of  glycerin.  This  is  shown  more  dearly  in 
in  which  the  average  titrations  for  each  of  the  three  types  are 
Two  of  these  cultures  fermented  the  glycerin  with  comparative 
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rapidity  and  after  three  days  there  was  no  question  that  the  cultures 
were  able  to  utilize  glycerin.  Those  represented  by  the  curve  Z>,  on 
the  other  hand,  produce  only  a  very  slight  increase  in  acidity,  which  even 
at  the  end  of  14  days  is  only  slightly  above  i  per  cent  normal. 

Between  these  two  is  a  third  group  in  which  there  is  a  slow  but  dis- 
tinct increase  in  acidity.  At  seven  days  the  acidity  is  above  i  per  cent 
normal.  While  an  error  may  be  introduced  in  some  cases  by  drawing 
the  line  between  fermentation  and  no  fermentation  of  glycerin  at  i  per 
cent  normal,  it  is  believed  that  in  these  results  this  error  will  be  slight. 
These  results  illustrate  the  value  of  the  exact  results  obtained  by  titra- 
tion which  we  have  always  used  in  preference  to  the  simpler  and  more 
rapid  way  of  determining  the  change  of  reaction  with  litmus  in  solution 
in  the  broth  or  with  litmus  papers. 

We  also  consider  it  a  decided  advantage  to  allow  sufficient  time  for 
the  completion  of  the  fermentation,  thus  securing  an  end  point  rather 
than  some  intermediate  and  varying  determination.  Seven  days  are 
not  sufficient  for  the  completion  of  the  glycerin  fermentation,  but  it  is 
undoubtedly  ample  for  other  test  substances  which  we  have  used. 

Tablb  I. — Progressive  fermentaiion  of  dextrose  and  glycerin, 

D9XTROS9. 
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THE  CORRELATION  OP  PHYSIOLOGICAL  CHARACTERS 

The  complete  results  €ji  the  tests  made  on  this  collection  of  cultures  are 
presented  in  Table  II.  The  reduction  of  neutral  red  and  the  curdling 
of  milk  are  given  ix\  the  table,  but  are  not  used  in  the  correlations. 
Adonite  and  duldte  are  necessarily  excluded,  since  these  cultures  almost 
without  exception  fail  to  ferment  these  two  substances. 
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TablB  II. — Physiological  characters  of  all  cultures — Continued. 
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ACTION  ON  LITMUS  MILK 

I^ate  in  the  course  of  the  investigation  it  was  noticed  that  thei 
distinct  differences  in  the  action  of  different  cultures  on  the  liti 
milk  and  that  this  difference  was  in  some  relation  to  the  source 
cultures.  Some  cultures  decolorized  the  litmus  promptly,  lea' 
white  curd,  with  the  exception  of  a  pink  ring  at  the  top,  which 
extended  downward.  Other  cultures  produced  a  curd  which  rei 
pink  throughout  for  an  indefinite  period.  This  action  was  recorc 
the  cultures  then  available,  and  the  results  are  given  in  Table  I 
will  be  noticed  that  while  the  ability  to  reduce  litmus  is  characi 
of  the  mouth  cultures  it  is  almost  entirely  lacking  in  the  culture 


^o  eo  -00  JO 
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Pio.  5.— Graphic  representation  of  the  diaracten  ol  cohuret  of  ftreptococd  from  milk  and  fro 

feces. 

the  udder.  The  number  of  cultures  in  the  two  other  groups  in 
this  character  was  recorded  is  too  small  to  permit  conclusions,  bu 
may  be  observed  a  tendency  in  the  milk  cultures  to  agree  witt 
from  the  udder. 

TablB  IV. — Distribution  of  cultures  according  to  action  on  litmus  in  mil 
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THE  FERMENTATION  OF  TEST  SUBSTANCES 

le  V  the  cultures  are  arranged  on  the  basis  of  fermentation  or 
itation  of  eight  test  substances.  In  this  table  all  reactions  of 
t  or  over  are  counted  as  positive  and  those  falling  below  as 
The  results  given  in  this  table  are  arranged  in  a  form  more 
died  in  figures  5  and  6.  In  these  diagrams  all  positive  results 
d  to  the  left  of  a  vertical  line  and  the  negative  results  to  the 
le  udder  oiganisms  are  characterized  by  the  general  lack  of 
ferment  the  test  substances.  They  fail  almost  without  excep- 
rment  raffinose  and  the  polysaccharids,  but  show  some  tend- 
ttack  the  two  alcohols.    On  the  other  hand,  the  114  cultures 


JSSLJS^ 
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lie  rtpresenUtioo  ol  the  dMracten  of  cateares  ol  •trei>tooocd  from  the  montha  of  cows  and 
from  infected  adders. 

ne  feces  fail  almost  entirely  to  utilize  the  alcohols,  but  show 

d  activity  in  fermenting  the  more  complex  sugars  and  the 

arids. 

TablS  V. — Fermentation  of  test  substances. 
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The  cultures  from  the  mouth  differ  from  those  from  the  udder  in  the 
higher  percentages  of  rafiinose,  inulin,  and  mannite  f  ermenters  and  in  less 
action  on  glycerin  and  gelatin.  They  are  sharply  differentiated  from  the 
feces  organisms  in  their  general  failure  to  ferment  starch  and  the  much 
higher  percentage  of  mannite  f  ermenters.^ 

The  milk  cultures  are  distinguished  by  the  comparatively  small  num- 
ber of  saccharose  fermenters,  the  failure  to  ferment  raffinose,  starch,  and 
inuHn,  and  the  active  fermentation  of  both  mannite  and  gl3^cerin. 

THE  LIQUEFYING  CULTURES 

It  will  be  noted  that  with  the  exception  of  a  few  obtained  from  milk, 
all  of  the  liquefying  cultures  came  from  the  udder.  If  we  consider  the 
II  gelatin-liquefying  cultures  as  a  group  we  obtain  the  data  given  in 
Table  VI,  which  shows  that  the  liquefaction  of  gelatin  is  not  an  isolated 
variation  from  the  type  but  is  correlated  with  an  ability  to  utilize  the 
alcohols,  mannite,  and  glycerin.  This  peculiar  correlation  between  gelatin 
liquefaction  and  glycerin  fermentation  was  also  noticed  in  the  colon  group. 

Table  VI.— Comparison  of  Uqwfying  and  nonUqtufying  cultures  of  streptococci  from 

the  udder. 


Item. 

tin. 

Dex- 
trose. 

Sac- 
durose. 

Lactose. 

Raffi- 
nose. 

Starch. 

Innlin. 

Mannite. 

Glycerin. 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

Ntanbcrof 

cultures . 

Percent... 

+ 

XI 
ZOObO 

43 

loao 

0 
0 

0 
0 

to 
90.90 

z 

9.09 

le 
^•6 

IZ 
ZOObO 

40 
93.0a 

0 
0 

0 
0 

0 
0 

zz 

ZOObO 

43 

zoao 

z 
9-09 

2 
4.65 

zo 

90.90 

41 
95-35 

0 

0 

a 
4.65 

zt 

zoao 

41 
95.35 

sis, 

7 

a 
Z8.Z9 

36 

«3.7« 

6 
54-54 

0 
0 

38 

ZOObO 

Number  of 

cultures. 

Per  cent. . . 

- 

The  characters  of  the  ii  cultures  included  in  Table  VI  agree  very 
closely  with  the  *  Group  C"  of  the  article  by  the  writers  on  the  lactic- 
add  bacteria.^  If  we  divide  the  udder  cultures  into  gelatin-liquefying 
and  nonliquefying  groups,  we  obtain  figure  7,  in  which  the  cultures  are 
arranged  as  in  figures  5  and  6.  This  gives  two  groups  in  each  of  which 
the  cultures  show  distinctive  characters  and  remarkable  uniformity. 

We  have,  then,  at  least  three  sharply  defined  varieties:  Two  fr^m 
the  udder,  of  which  one  has  weak  fermentative  ability,  attacking  only 
dextrose,  saccharose,  and  lactdse,  with  an  occasional  culttu^-producing 
add  from  mannite,  inulin,  or  starch,  and  a  second  less  numerous  type, 
which  liquefies  gelatin  and  ferments  dextrose,  saccharose,  lactose, 
mannite,  and  usually  glycerin;  and  one  from  bovine  feces,  character- 

>  Since  this  paper  was  written,  a  communication  by  C.  A.  Puller  and  V.  A.  Armstrong  entitled  "  The 
differentiation  fd  fecal  streptococci  by  their  fermentative  reactions  in  carbohydrate  media"  has  appeared 
in  the  Jour,  of  Infect.  Diseases,  ▼.  Z3,  no.  3,  p.  44^46a,  Nor.,  Z9Z3.  The  characteristics  of  their  cutturst 
from  bovine  feces  agree  in  all  essential  particulars  with  those  found  by  the  writers. 

>  Rogers.  L.  A.,  and  Davis,  B.  J.  Methods  of  classifying  the  lacticHtcid  tMKlcria.  U.  a  Dept.  Agr..  Bur. 
Anim.  Indus.    BuL  Z54. 30  p.,  6  fig.    Z9za. 
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ized  by  its  active  fermentation  of  sugars  and  polysaccharides  and  gen- 
eral failure  to  ferment  the  alcohols,  mannite  and  glycerin.  The  group 
from  the  mouth  has  certain  distinctive  characters,  but  is  not  as  clearly 
defined  as  the  other  three  groups.  It  will  need  additional  study  before 
it  can  be  described  as  a  distinct  variety. 

If  we  consider  the  milk  cultures  individually,  we  find  that  two  of  them, 
ik  and  tf,  clearly  belong  with  the  feces  group.  The  one  which  liquefies 
gelatin  has  the  characters  of  the  typical  liquefying  udder  culture- 
The  remaining  39  cultures  may  be  placed  with  the  nonliquefjring  udder 
organisms.  If,  however,  we  assume  that  the  fermentation  of  mannite 
and  glycerin  places  the  nonliquefiers  with  the  liquefiers,  an  assumption 
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Pn.  7.— Diagram  thowing  the  fenncntatkm  reactkos  of  two  types  of  udder  cultures  of  strcptoooocL 

based  on  the  possible  variation  of  the  liquefying  power,  we  obtain  a 
division  of  the  milk  cultures  as  shown  in  Table  VII  and  figure  8.  Thus, 
we  obtain  two  groups  agreeing  very  closely  with  those  into  which  we 
were  able  to  separate  the  udder  cultures.  This  points  very  strongly  to 
the  infected  udders  rather  than  to  the  feces  as  the  source  of  chain-forming 
coed  growing  in  lactose  broth  at  37°  C. 

Table  VII. — Two  possible  groups  of  the  milk  cultures. 


Significant  cliarao- 
trrt. 

Total 
num- 
ber of 
cul- 
tures. 

Gela- 

tin. 

+ 

Dex- 
Uoee. 

+ 

Saccha- 
rose. 

+ 

to«e. 

+ 

Raffi. 
nose. 

+ 

Stardi. 

+ 

Innlin. 

+ 

Man. 

nite. 

+ 

ccria. 

+ 

Gelatin  + 

z 

8 

7 

8 

0 

0 

0 

» 

8 

Mannite  + 

8 

Glycerin +.. per  ct.. 

««-S 

xoo 

87.5 

xoo 

zoo 

zoo 

Mnnnite  + 

3a 

0 

3a 

xoo 

2.6 

zoo 

0 

z 
3« 

0 

x8 

0 

Glycerin  — .  .per  ct . . 
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The  same  test  applied  to  the  mouth  cultures  would  show  that  almost 
any  individual  culture  could  be  included  in  the  feces  group.  I 
almost  any  mouth  culture  would  be  an  exceptional,  not  a  typi 
culture.  A  culture  fermenting  saccharose,  lactose,  raffinose,  and 
could  be  either  from  the  mouth  or  from  feces,  but  there  is  a  hig 
bility  that  it  would  be  of  buccal  origin.  On  the  other  hand,  { 
fermenting  saccharose,  lactose,  raffinose,  and  starch,  but  failin; 
ment  mannite  or  glycerin,  would  almost  certainly  be  of  fecal  o 

RELATION  OF  THESE  GROUPS  TO  NAMED  VARIETIE 

It  would  be  difficult  to  identify  all  of  these  groups  with  pi 
described  species.    Until  the  work  of  Gordon,  few  cultures  were  d 
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Fio.  8.— Diagram  showing  a  possible  grouping  of  the  miUc  cultures  of  streptococci 

on  the  basis  of  the  fermentation  of  a  large  number  of  test  sul 
and  in  only  a  very  few  cases  have  the  cultures  been  obtaine< 
definite  source.  An  exception  may  be  made  of  the  pathogenic 
in  which  the  cultures  described  have  been  selected  from  definite  1 
similar  sources.  Among  the  streptococci  we  have  an  exampl 
pus-forming  organism  generally  described  as  Streptococcus  pyogt 
Table  VIII  are  compiled  the  typical  reactions  given  for  Stre 
fyogenes  by  three  investigations.  The  reactions  given  by  Andn 
Horder  are  compiled  from  a  large  number  of  cultures,  and  the 
by  Gordon  are  from  a  number  of  his  own  cultures.*  Those  \ 
Bergey  are  the  reactions  of  a  comparatively  few  typical  cultu 

>  Andrewes,  P.  W.,  and  Horder,  T.  J.,  A  study  of  the  streptococci  pathogenic  lor  man. 
no.  XX,  p.  70&-713;  no.  xa,  p.  775-789;  no.  13,  p.  859-855.    X906. 

Gordon,  M.  H.  Report  on  an  investigation  of  the  fermentative  characters  of  streptocoa 
fauces  during  scailet  fever.  40th  Ann.  Rpt.  Local  Govt.  Bd.  (Gt.  Brit.],  X910-XX,  SuppL  Rp 
p.  3oa-3x,    X91X. 

*  Bergey,  D.  H.  Differentiation  of  cultures  of  streiytococcus.  Jour.  Med.  Research,  v.  97  ( 
no.  I.  p.  67-77-    «9xa. 
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far  as  it  is  possible  to  make  comp)arisons,  the  reactions  given  agree  very 
closely  with  our  nonliquefying  udder  cultures. 

TablS  VIII. — Results  of  fermentation  tests  of  Streptococcus  Pyogenes  described  in  the 

literature. 


Authority. 


Our  nonliquefying  udder  cultures. .  .per  cent. . 

Andrewes  and  Border 

Oordon 

Beney 


76 

+ 
+ 
+ 


+ 
+ 


z6 

± 


x6 


A  still  further  comparison  is  possible  by  the  tabulation  of  the  fermen- 
tation reactions  of  five  typical  cultures  of  Streptococcus  pyogenes  obtained 
through  the  courtesy  of  Prof.  C.  E.  A.  Winslow,  of  the  American  Museum 
of  Natural  History.  These  results  are  given  in  Table  IX.  Although 
some  of  these  cultures  have  been  grown  on  artificial  media  for  many 
years,  they  still  exhibit  the  same  general  characters  as  our  freshly  isolated 
udder  cultures — ^namely,  an  ability  to  ferment  dextrose,  saccharose,  and 
lactose,  general  failure  to  ferment  rafSnose  and  the  polysaccharids,  and 
an  erratic  tendency  to  ferment  the  alcohols.  Unfortunately  the  gelatin 
test  was  not  made  on  these  five  cultures.  The  fermentation  of  glycerin 
by  three  of  the  five  indicates  that  they  may  have  been  of  the  liquefying 
type.  Savage  in  1 76  cultures  of  streptococci  isolated  from  cases  of  mastitis 
found  that  95  per  cent  liquefied  gelatin.*  Hi^  cultures  diflFered  from 
both  the  typical  S.  pyogenes  and  our  liquef3dng  cultures  in  that  49  per 
cent  fermented  raffinose. 

Tabls  IX. — Results  of  fermentation  tests  of  five  cultures  of  Streptococcus  pyogenes  from 
American  Museum  of  Natural  History  (New  York)  collection. 


Source. 


New  Tock  Port  Graduste  Medical  CoDege  (fatal  sep- 
ticemia)  , 

Dr.  Bien.  Chicaxo.  111.  (abscess  in  erysipelas) , 

Boston  Board  of  Health  (urine) 

J  (dins  Hopkins  University 
licfaigan  Acri  cultural  Cdlege 


J.  go 

5- 45 

3.8$ 
6.4S 
a.  so 


3.8s 
4.7s 
4- OS 
4.95 


S.60 
3.  as 
•4S 
4.70 
x.iS 


o.ao 

o 


0.18 
•13 

398 
•4S 


0.»3 
.x8 


0.3S 
a-SS 


4*  91 
.83 


0-S9 
S..14 
l»4 
1.61 
•X9 


VARIATION  FROM  TYPE  IN  THE  UDDER  ORGANISMS 

The  trouble  from  infected  udders  at  both  the  Beltsville  and  Annapolis 
farms  was  in  the  nature  of  an  epidemic  The  infection  apparently 
spread  from  cow  to  cow  and  became  so  severe  that  at  Annapolis  one  or 

1  Savace.  W.  G..  Report  upon  the  bacteriology  and  pathology  of  "Garget"  (or  mastitis)  in  cows.   3iCh 
Ann.  Rcpt.  Local  Govt.  Bd.  [Gt.  Brit.],  1907-6.    SoppL  Rcpt.  Mad.  Off.,  pp.  ssore^    tdco. 
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more  cows  were  rendered  useless.  There  was  no  apparent  connection 
between  the  two  epidemics  except  that  they  occurred  at  about  the 
same  time.  We  may  assume  that  these  epidemics  originated  in  one 
of  two  ways,  either  of  which  must  admit  more  or  less  variation  in  ph3rs- 
iological  reactions  from  the  original  t3rpe.  It  may  be  possible  that  the 
udders  of  one  or  more  cows  may  have  become  infected  by  some  of  the 
streptococci  coming  originally  from  the  mouth,  intestines,  or  other 
sources.  Under  the  influence  of  its  new  environment  this  organism  may 
have  acquired  pathogenic  properties  sufficient  to  produce  the  s3miptoms 
observed  in  mammitis.  Heinemann  has  shown  that  pathogenicity  is  a 
property  readily  acquired  when  ordinary  streptococci  are  grown  in  ani- 
mals.^ If  these  infecting  organisms  came  from  the  mouth,  the  intes- 
tines, or  the  milk  they  must  have  acquired  in  a  comparatively  short  time 
an  entirely  new  set  of  biochemical  reactions  in  addition  to  a  variation 
in  pathogenicity.  On  the  other  hand,  we  may  assume  with  much  more 
appearance  of  reasonableness  that  the  infection  spread  from  a  single 
infecting  cell  or  aggregate  of  similar  cells  which  already  possessed  patho- 
genic powers  and  general  characters  identical  with  those  we  have  found 
to  be  characteristic  of  the  udder  organisms.  This  assumption  is  in  accord 
with  the  established  fact  that  streptococci  from  pathological  lesions  in 
general  have  similar  biochemical  reactions.  If  the  infection  in  these  two 
cases  came  from  various  sources,  it  must  follow  that  growth  under 
similar  conditions  would  produce  uniform  fermentation  reactions  in  a 
short  time,  a  view  held  by  Walker,  who  maintains  that  these  reactions 
may  be  varied  almost  at  will  and  can  only  indicate  the  latest  habitat  of 
the  culture.^  If  the  infection  came  from  a  single  cell,  there  must  have 
been  some  variation,  since  the  fermentation  reactions  were  not  identical 
at  the  time  of  this  isolation. 

In  Table  X  are  shown  the  varieties  of  nonliquef  ying  udder  cultures  and 
the  niunber  occurring  in  each  of  the  two  herds.  There  were  seven  varie- 
ties in  all.  The  most  numerous  one  ferments  dextrose,  saccharose,  and 
lactose  only  and  occurred  24  times,  equally  divided  between  the  two 
herds.  The  next  most  numerous  variation  differed  from  the  first  in 
failing  to  ferment  saccharose  and  occurred  8  times.  A  third  variation 
fermented  mannite  in  addition  to  dextrose,  saccharose,  and  lactose  and 
occurred  4  times.  The  remaining  four  varieties  evidently  occur  only 
once  or  twice  in  every  40  cultures.  Viewed  from  any  standpoint  it  is 
evident  that  these  organisms  are  subject  to  variation  from  the  type,  but 
these  variations  are  not  of  sufficient  magnitude  or  frequency  to  detract 
from  the  value  of  the  ph3rsiological  reactions  as  a  means  of  establishing 
true  species. 

>  Hdncmaim.  P.  G..  The  pathogenicity  of  Streptococcus  laciicus.  Jour.  Infect.  Diseases.  ▼.  4.  no.  i. 
p.  87-9S.    1907- 

*  Walker.  B.  W.  A..  On  variation  and  adaptation  in  bacteria.  iUnstratcd  by  observations  upon  strepto- 
cocci, with  special  reference  to  the  value  of  fermentation  tests  as  appUed  to  these  organisms.  Proc.  Roy. 
0OC.  [London],  s.  B.  v.  83.  no.  567.  P*  54x*SS&    i9ix> 
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Tablb  X. — Variation  from  typ*  in  nonliquefying  udder  cultures. 


Significant  chantcters. 


Number    oC    cultures 
from  herd  at— 


BdtsviUe.    Aonapolis. 


Total  num- 
ber ol  cul- 
tures. 


24 
8 


SUMMARY 

collection  of  cultures  of  streptococci  was  made  consisting  of  42  cul- 
s  from  milk  which  formed  chains  in  lactose  bile  at  37**  C,  51  cultures 
a  infected  udders,  114  cultures  from  bovine  feces,  and  39  cultures 
a  the  mouths  of  animals. 

he  morphology  varied  under  different  conditions  and  could  not  be 
elated  with  the  source  of  the  culture,  except  that  the  udder  cultures 

a  more  marked  tendency  to  chain  formation  than  those  from  other 
:ces. 

he  ability  of  these  cultures  to  liquefy  gelatin  and  to  form  add  from 
trose,  lactose,  saccharose,  raffinose,  starch,  inulin,  mannite,  glycerin, 
jte,  and  adonite  was  determined.  Only  one  or  two  cultures  utilized 
nite  or  duldte. 

/Tien  glycerin  was  attacked,  the  fermentation  proceeded  slowly,  fail- 
to  reach  its  maximum  in  14  days,  in  contrast  to  the  fermentation  of  the 
irs,  in  which  the  maximum  was  reached  in  two  or  three  da3rs. 
.  high  percentage  of  the  udder  cultures  failed  to  give  the  character- 
:  reduction  in  litmus  milk. 

wdve  cultures  liquefied  gdatin;  one  of  these  came  from  milk  and  11 
a  infected  udders. 

he  cultures  from  feces  were  characterized  by  thdr  activity  in  fer- 
Lting  the  sugars,  induding  raffinose,  and  thdr  inability  to  utilize  the 
hols, 
he  mouth  cultures  fermented  dextrose,  saccharose,  lactose,  mannite, 

freqently  raffinose,  but  were  almost  without  effect  on  starch  and 
rerin. 

he  udder  cultures  were  characterized  by  the  general  lack  of  fermen- 
ve  ability,  which  was  limited  almost  entirdy  to  dextrose,  saccharose, 

lactose,  with  a  comp)arativdy  small  number  utilizing  mannite, 
^rin,  and  gdatin. 

/hen  the  udder  cultures  were  divided  on  the  basis  of  gdatin  lique- 
ion,  two  groups  were  obtained.    The  fermentative  activities  of  one 
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of  these,  which  are  similar  to  those  of  Streptococcus  pyogenes,  were  limited 
to  dextrose,  saccharose,  and  lactose,  with  an  occasional  culture  ferment- 
ing mannite,  starch,  or  inulin.  The  second  group  fermented  the  three 
simple  sugars,  mannite,  and  usually  glycerin  and  liquefied  gelatin. 

When  the  milk  cultures  were  considered  individually,  it  was  found 
that  with  the  exception  of  two  which  clearly  came  from  feces  they  could 
be  included  in  one  or  the  other  of  the  two  groups  into  which  the  udder 
cultures  were  divided. 

Of  the  41  nonliquef3ang  udder  cultures  24  gave  identical  reactions. 
The  remaining  cultures  differed  from  the  type  in  one  or  two  cha:racters 
only. 

a8736«— 14 6 
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PRELIMINARY  AND  MINOR  PAPERS 


CRYSTALLIZATION   OF   CREAM    OF  TARTAR    IN   THE 
FRUIT  OF  GRAPES 

By  WnxiAH  B.  Alwood, 
Ckifft  Enological  Labotatofy,  Bureau  of  Chemistry 

During  the  chemical  examinations  made  of  the  ripening  fruit  of  grapes 
in  ttie  Enological  Laboratory,  Charlottesville,  Va.,  the  writer  was  led  to 
conclude  that  the  add  salt  bitartrate  of  potassium  was  deposited  from 
the  juice  in  quantity  sufficient  to  sensibly  affect  the  analytical  results. 
This  led  to  the  preparation  of  samples  by  the  complete  exhaustion  ci  the 
soluble  constituents  of  the  berries,  with  results  which  supported  the 
above  coiKlusion. 

The  question  of  the  character  and  location  of  the  crystals  of  cream  of 
tartar  in  the  berry  presented  itself  as  a  matter  of  interest  and  possibly  of 
practical  importance.  The  literature  available  did  not  furnish  specific 
information  on  this  point.  Babo  and  Mach,  in  their  exhaustive  treatise, 
give  but  one  brief  reference  to  the  occurrence  of  this  salt  in  crystals  in  the 
fruit.* 

As  soon  as  the  fruit  was  well  colored  at  Charlottesville  in  1912  a  series 
of  microscopic  examinations  was  undertaken  to  determine  whether 
crystals  of  bitartrate  of  potassium  occurred  in  the  fruit.  Portions  of 
Concord  grapes  were  prepared  and  examined  daily  until  the  fruit  was 
ripe.  Minute  crystals  varying  much  in  shape  and  size  were  found  in 
great  abundance  in  the  soft  cdls  l3^g  just  beneath  the  skin  of  the  fruit. 
Crystals  were  not  present  at  any  time  in  the  pidp  or  compact  portion  of 
the  flesh  in  which  the  seeds  are  contained.  Like  examinations  of  Con- 
cord and  Catawba  were  carried  on  at  Sandusky,  Ohio,  in  Sq>tember  and 
October,  191 2,  and  crystals  of  the  same  general  type  were  found. 

The  fact  that  many  of  the  crystals  found  in  the  berries  did  not  conform 
in  type  to  crystals  of  the  bitartrate  prepared  from  pure  cream  of  tartar 
made  it  doubtful  as  to  whether  potassium  bitartrate  was  deposited  or  not. 
Therefore,  the  fruit  was  separated  into  portions  for  the  purpose  of  a 
chemical  examination  covering  this  point.  The  tough  pulp  containing 
the  seeds  of  i  ,500  grams  of  ripe  berries  was  separated  from  the  hulls  and 
soft  peripheral  layer  of  cells  which  adhere  to  the  hulls.  This  layer  con- 
tains the  coloring  matter.  The  hulls  and  pulp  were  then  carefully  pressed 
by  hand  and  the  juice  of  each  recovered  and  held  se|>arately.  This  gave 
three  portions:  (i)  The  pressed  hulls,  (2)  the  juice  recovered  from  the 
hulls,  and  (3)  the  juice  recovered  from  the  pulp. 

In  preparing  the  sample  all  the  juice  possible  was  recovered  from  the 
sample  dl  hulls  and  pulp;  that  is,  they  were  entirely  exhausted  so  far  as 
crushing  and  pressing  could  accompliish  this  result.  The  pressed  hulls 
were  then  cardFully  macerated  in  distilled  water  until  the  soluble  organic 
matter  was  exhausted.  These  portions  showed  on  analysis  the  results 
given  in  Table  I. 

>  Babo.  A.  P..  and  Mach.  B.    Handbach  dcs  Wdnbaucs  nad  der  Kdkrwirtadiaft.    Atall.  4.  Bd.  9, 
p.  16.    Berlin,  1910. 

Joamal  of  Anictdtaral  Research,  Vol.  I,  No.  6 

Dcpt.  of  Aciicnlttire,  Washisftoa.  D.  C.  Mar.  %u  1914 
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TablB  I. — Analysts  of  Concord  grapos  in  igza,  giving  ike  psfctniagt  by  weight  of  acids 

and  add  salts. 


Portion  analirscd. 

Total  add. 

Total  tar- 
taric acid. 

Prce  tar- 
taric acid. 

Cream  ol 
tartar. 

Hulls  exhausted  with  water 

0.429 

.141 

1.065 

Oas89 
•054 
.724 

ao8 
.00 
.  20 

a56 
.07 
.59 

Juice  pressed  from  hulls 

uice  pressed  from  pulp 

•  The  rcanltt  show  ibr  the  samples  of"  hulls  "a  greater  content  of  tartaric  add  than  the  total  tftratsbk 
add  of  the  samples.  This  is  always  the  case  in  grape  samples  where  the ''adds  other  than  tartaric  "fall 
bdow  a  certain  propvtion. 

The  results  show  that  the  juice  pressed  from  the  hulls  is  very  low  in 
add  and  add  salts,  and  that,  while  the  organic  matter  remaining  in  the 
hulls  after  pressure  is  less  than  half  as  add  as  the  pulp,  it  is  rich  in  tar- 
taric add  and  cream  of  tartar,  in  these  regards  nearly  equaling  the 
percentage  found  in  the  juicy  pulp.  The  actual  wdght  of  the  pressed 
hulls  was  304  grams,  or  one-fifth  ot  the  original  sample  of  fruit.  From 
the  results  given,  it  would  appear  that  the  hulls  when  pressed  dry  still 
retained  the  crystals  observed  with  the  microscope,  and  actual  observa- 
tion has  demonstrated  this  fact.  The  results  for  tartaric  add  and 
cream  of  tartar  settle  the  point  as  to  the  composition  of  these  crystals. 

Analyses  of  like  import  were  made  at  Sandusky,  Ohio,  of  samples  of 
Catawba  and  Concord  grapes.  The  results  show  that  the  add  content 
of  the  soft  layer  of  cells  attached  to  the  hulls  is  proportionally  richer  in 
tartaric  add  and  cream  of  tartar  than  the  pulp. 

In  1913  the  microscopic  examinations  were  begun  much  earlier,  and 
four  varieties  of  grapes  were  induded — Delaware,  Concord,  Niagara, 
and  Norton.  The  presence  of  crystals  of  bitartrate  of  potassium  could 
be  observed  before  the  berries  were  all  colored,  and  the  analyses  of 
partly  ripe  fruit  confirm  the  results  of  191 2.  These  samples  were  sep- 
arated into  two  portions  only,  the  hulls  and  the  pulp,  as  noted  above; 
then  each  sample  was  completdy  exhausted  of  soluble  organic  matter 
by  repeated  macerations  and  heating  in  distilled  water.  Table  II  gives 
the  results  for  one  set  of  samples  from  each  of  two  varieties. 

TablS  II. — Analyses  of  grapes  in  1913,  giving  percentage  by  weight  of  adds  and  add 

salts 

'    Concord. 


Total  add. 

Total  tar- 
taric add. 

Free  tar- 
Uric  add. 

Cream  of 
tartar. 

Hulb 

0-9S 
1-43 

«l.  II 
•79 

0 
.04 

'•.n 

Pulo 

Niagara. 

Hulb 

a  67 
.96 

'^.ll 

0 
.18 

1. 18 

Pulo 

•  57 

•  The  results  show  for  the  samples  of  "hulls "  a  greater  content  of  tartaric  add  than  the  toital  titratable 
add  of  the  samples.  This  is  always  the  case  in  grape  samt^es  where  the  "adds  other  than  tartaric"fsU 
below  a  certain  proportion. 

There  are  crystals  other  than  bitartrate  present  in  the  fruit,  but  this 
paper  is  intended  only  to  record  an  observation  which  may  have  peculiar 
interest.    Further  details  of  the  investigation  will  appear  later. 
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THE   REDUCTION   OF  ARSENIC  ACID  TO  ARSENIOUS 
ACID  BY  THIOSULPHURIC  ACID 

By  RoBBRT  M.  Chapin, 
Senior  Biochemist,  Bureau  of  Animal  Industry 

While  endeavoring  to  work  out  a  practicable  field  method  for  the  esti- 
mation of  the  total  arsenic — that  is,  a  method  which  should  include  both 
arsenites  and  arsenates — ^in  arsenical  baths  used  for  dipping  cattle,  studies 
were  made  upon  the  effect  of  various  reducing  agents  wluch  are  able  to 
absorb  iodin  in  add  solution  upon  the  well-known  reversible  reaction, 
As(OH)8+ 2l  +  2H30;=^As(OH),+ 2HI.  Unless  the  solution  in  which  this 
reaction  is  taking  place  is  freely  acidified  with  a  strong  mineral  add  or 
heated,  the  progress  of  the  reaction  from  right  to  left  is  inconveniently 
slow.  It  was  found  that  the  addition  of  sodium  thiosulphate  apparently 
so  greatly  aided  the  reduction  that  it  rapidly  went  to  completion,  even 
in  cold  and  but  slightly  add  solutions.  Prom  this  observation  it  was 
but  one  step  to  discover  that  the  presence  of  hydriodic  add  played  no 
part  whatever,  the  reduction  of  arsenic  add  to  arsenious  add  being 
quickly  and  completely  effected  by  treatment  with  a  mixture  of  sodium 
.thiosulphate  and  mineral  add  alone. 

It  has  long  been  known  that  arsenic,  like  some  other  metals,  may  be  quan- 
titatively predpitated  as  sulphid  by  soditun  thiosulphate  in  a  boiling  add 
solution.  Ii^^the  present  case,  however,  provided  the  conditions  are  right, 
there  is  no  formation  of  arsenious  sulphid. 

The  reactions  which  may  follow  from  the  addification  of  a  solution  of 
sodium  thiosulphate  are  complex  and  variable,  depending  upon  tempera- 
ture, dilution,  relative  proportions  of  thiosulphate  and  add,  and  pos- 
dbly  upon  the  order  in  which  the  admixture  is  made.  The  matter  has 
most  recently  been  discussed  by  Stiasny  and  Das,^  who  studied  the  reac- 
tions between  such  a  mixture  and  potassium  bichromate,  a  problem  simi- 
lar in  nature  to  the  one  here  under  consideration. 

Preliminary  experiments  showed  that  (i)  the  rapidity  with  which  the 
reduction  of  arsenic  add  progresses  is  mainly  dependent  upon  the  con- 
centration of  hydrogen  ions,  the  organic  adds,  except  oxalic,  operating 
very  sluggishly,  and  (2)  the  nature  of  the  reactions  probably  depends  to 
a  considerable  extent  upon  whether  arsenic  or  thic^phuric  add  is  in 
excess  and  is  also  varied  by  the  order  in  which  the  three  components, 
arsenic  add,  thiosulphate,  and  mineral  add,  are  mixed  if  the  operation  of 
mixing  occupies  any  considerable  time. 

The  present  series  of  experiments  was  limited  to  the  study  of  the 
reactions  occurring  when  a  mixture  of  arsenic  add,  or  arsenate,  with 
excess  of  sodium  thiosulphate  is  addified  with  an  appropriate  amount  of 
hydrochloric  or  sulphuric  add,  such  bdng  the  conditions  which  must 
necessarily  prevail  in  any  method  for  the  quantitative  estimation  of  arsenic 
which  might  be  based  on  the  reactions.    The  solutions  employed  were 

1  Stiamy,  Bdmtmd.  and  Das,  B.  M.  Reaction  between  sodlnm  thkaulphate  and  a  miactnre  of  potasshtm 
bkhromate  and  sulphuric  add.  A  contribution  to  the  cfaemistiT  of  chrome  tannage.  Jour.  Soc.  Chem. 
Indus.,  V.  3Z,  no.  z6,  pp.  753-759*    Z9I9< 

Journal  of  Acricultttra]  Research.  Vol.  I,  No.  6 
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(i)  a  tenth-normal  (oxidimetric)  solution  of  arsenic  add  prepared  by 
oxidizing  arsenious  add  with  nitric  add  and  expelling  excess  of  tlie  latter, 
(2)  a  tenth-normal  solution  of  soditun  thiosulphate,  (3)  a  twentieth-normal 
solution  of  iodin,  free  from  iodate,  and  (4)  normal  hydrochloric  add. 
The  equivalents  of  the  solutions  were  as  follows: 

Ten  c.  c.  of  the  solution  of  arsenic  add  reduced,  after  Williamson,  with 
hydrochloric  add  and  potassium  iodid  and  then  rendered  alkaline  with 
an  excess  of  sodium  bicarbonate  required  19.74  c-  ^-  ^  ^^^  iodin  solution. 

Twenty  c.  c.  of  the  solution  of  sodium  thiosulphate  required  39.50  c.  c 
of  the  iodin  solution.  To  the  solution  of  sodium  tetrathionate  thereby 
resulting  there  were  added  10  grams  of  dry  sodium  carbonate  and  the 
solution,  loosely  covered,  was  heated  one  hour  upon  a  steam  bath.  It 
was  then  cooled,  diluted,  addified  to  litmus  paper  with  acetic  add,  and 
without  dday  titrated  with  iodin  solution,  of  which  39.45  c.  c  were 
required. 

In  the  experiments  to  be  described  a  measured  quantity  of  arsenic  add 
was  diluted  to  25  c.  c.  and  was  mixed — ^whether  previously  neutralized  or 
not  appeared  to  be  immaterial — with  20  c.  c.  of  thiosulphate  added  from 
a  burette,  and  then  with  10  c.  c.  of  normal  hydrochloric  add  added  from 
a  pipette.  When  containing  moderate  amotmts  of  arsenic,  the  mixtures 
remained  perfectly  dear  for  possibly  15  minutes,  disengaging  but  a  slight 
odor  of  sulphur  dioxid.  After  a  variable  time  an  opalescence  would  appear, 
rapidly  increasing  and  becoming  yellow  and  accompanied  by  a  pronounced 
odor  of  sulphur  dioxid.  For  quantitative  work  the  action  obviously  must 
be  stopped  before  the  separation  of  sulphur  and  arsenious  sulphid  becomes 
perceptible.  Prom  the  considerable  number  of  experiments  only  enough 
will  be  described  to  show  the  natuie  of  the  reactions  occurring. 

ExpBRiHBNT  No.  I. — ^Ten  c.  c.  of  the  solution  of  arsenic  acid,  15  c.  c.  of  water,  aoc.  c. 
of  the  solution  of  sodium  thiosulphate,  and  10  c.  c.  of  hydrochloric  acid  were  mijKd 
and  allowed  to  stand  for  7J^  minutes.  The  solution  was  then  titrated  with  the  iodin 
solution,  using  starch  indicator  (titration  I),  after  which  sodium  bicarbonate  was 
added,  avoiding  unnecessary  excess,  and  titration  with  iodin  continued  (titration  II). 
The  end  point  of  titration  II  was  but  briefly  persistent,  owing  to  the  tendency  of 
sodium  tetrathionate  to  be  oxidized  to  sulphate  by  iodin  in  alksuine  solution.  Next, 
10  grams  of  dry  sodium  carbonate  were  added  ana  the  solution,  loosely  covered,  was 
heated  for  x  hour  on  a  steam  bath.  Then  it  was  cooled,  somewhat  diluted,  acidified 
to  litmus  paper  by  acetic  acid,  and  immediately  titrated  again  with  iodin  (titratioo 
III).    The  results  obtained  were  as  follows: 

Titration  1 20.  50  c.  c.  of  iodin. 

Titration  II 19.  75  c.  c.  of  iodin. 

Titration  III 35.  25  c.  c.  of  iodin. 

ExPBRnfSNT  No.  2. — Experiment  No.  i  was  duplicated,  with  the  single  exception 
that  the  mixture  was  allowed  to  stand  but  2^  minutes  before  titration  I  was  started. 
The  results  were  as  folbws: 

Titration  1 2a  55  c.  c.  of  iodin. 

Titration  II 19. 80  c.  c.  of  iodin. 

Titration  III 35.  55  c.  c.  of  iodin. 

Titration  I  removes  the  excess  of  reducing  agent  without  affecting  any  arsenious 
oxid  present,  provided  a  sufficient  quantity  of  hydriodic  acid  be  alio  contained  in 
the  solution.  To  insure  this  condition,  it  is  safer  to  add  a  little  potassium  iodid  just 
before  berinning  titration  I,  though  in  case  of  experiments  Nos.  i  and  2  sufficient 
was  introduced  durinjg  the  titration  itself.  Titration  II  measures  the  arsenious  add 
formed  by  the  reduction  of  arsenic  acid. 

Comparing  now  the  results  of  titration  II  with  the  iodin  equivalent  of  the  arsenic- 
acid  solution,  it  is  evident  that  the  reaction  is  quantitative  as  respects  arsenic.  Com- 
paring the  sums  of  titrations  I  and  II  (i)  40.25  and  (2)  40.35  c.  c.)  with  the  iodin 
equii^ent  of  the  thiosulphate  solution  (39.50  c.  c),  it  appears  that  the  formation  of 
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sulphurous  acid  is  very  slight  and  that  the  essential  reaction  involves  the  formation 
of  tetrathionic  acid,  as  follows: 

As(OH)a4-2HaSaO,=As(OH)3+HjS40»4-aHaO. 

A  notable  formation  of  any  other  acids  of  sulphur  would  necessarily  result  in  a 
markedly  higher  fi^e  for  titration  I. 

Corroborative  evidence  of  the  essential  transformation  of  thiosulphuric  acid  to 
tetrathionic  acid  is  given  by  titration  III,  for  Stiasny  and  Das  have  shown  that  an 
alkali  tetrathionate,  heated  with  sodium  or  potassium  carbonate,  is  nearly  quantita- 
tively reconverted  to  thiosulphate.  Titration  III  shows  reformation  of  a  quantity 
of  thiosulphate  equivalent  to  (i)  35.35  c.  c.  and  (3)  35.5^  c  c.  of  iodin  solution,  com- 
pared with  an  originally  introduced  quantity  of  thiosulphate  equivalent  to  39.50  c.  c. 
of  iodin,  which  amount  of  thiosulphate,  as  already  noted,  after  oxidation  to  tetra- 
thionate,  digestion  with  sodpm  carbonate,  and  repeated  titration,  required  39.45 
c.  c.  of  iodin  solution. 

To  further  prove  the  actual  reduction  of  arsenic  acid  and  also  that 
such  reduction  is  brought  about  by  thiosulphuric  add  in  the  absence 
of  hydriodic  add,  the  theoretically  possible  action  of  which  is  not  rig- 
orously exduded  by  the  conditions  of  experiments  Nos.  i  and  2,  the 
following  experiment  was  performed: 

ExPBHiMBNT  No.  3. — ^A  mixture  of  arsenic  acid,  sodium  thiosulphate,  and  hydro- 
chloric acid,  made  exactly  as  described  in  experiments  Nos.  i  and  3,  was  allowed  to 
stand  for  five  minutes.  After  the  addition  of  methyl  orange,  normal  caustic  soda 
was  run  in  until  only  faint  acidity  remained,  as  shown  by. the  oraage  tint  of  the  solu- 
tion. After  the  addition  of  a  little  sodium  acetate  and  a  drop  or  two  of  acetic  add  to 
insure  a  distinctly  acid  reaction  to  litmus  paper  the  solution  was  titrated  cold  with 
uranium  acetate,  using  potassium  ferrocyanid  as  indicator.  The  end  point  was 
reached  upon  the  addition  of  i  c.  c.  of  uranium-acetate  solution.  Five  c.  c.  of  the 
arsenic-acid  solution  was  then  added  and  titration  continued.  The  end  point  was 
again  reached  upon  the  addition  of  xo  c.  c.  more  of  uranium  acetate,  or  a  total  of  xi 
c.  c.  Lastly,  ^  c.  c.  of  the  arsenic-acid  solution,  treated  in  a  parallel  maimer,  but 
without  any  addition  of  sodium  thiosulphate,  reauired  10.75  c-  c-  of  uranium-acetate 
solution.  The  previous  conclusions  regarding  the  nature  and  extent  of  the  action 
upon  arsenic  acid  were  therefore  confirmed. 

As  previously  indicated,  a  small  amount  of  the  thiosulphuric  add 
suffers  decomposition  into  sulphur  dioxid  and,  presumably,  sulphur. 
The  sulphur  does  not  become  evident  tmder  the  conditions  observed, 
bdng  partly  held  in  colloidal  solution,  but  for  the  most  part  reacting 
with  tetrathionic  add  to  form  pentathionic  add,  as  shown  by  Stiasny 
and  Das  in  thdr  investigations  already  mentioned.  The  presence  of 
pentathionic  add  was  here  shown  in  a  similar  manner  on  several  of  the 
mixtures  while  they  still  remained  dear  by  neutralizing  with  caustic 
alkali,  using  methyl  orange  as  indicator.  As  the  neutral  point  was 
reached,  a  distinct  opalescence  appeared  which  was  not  affected  by 
hydrochloric  add,  but  which  was  dissolved  after  a  time  by  excess  of 
caustic  alkali. 

The  action  of  thiosulphuiic  add  upon  arsenic  add  appears,  therefore, 
at  least  tmder  the  particular  conditions  studied,  to  be  closely  paralld 
to  the  action  of  thiosulphuric  add  upon  bichromic  add  as  described  by 
Stiasny  and  Das. 

For  obvious  reasons  it  is  not  likdy  that  the  reaction  here  noted, 
apparently  for  the  first  time,  will  afford  the  basis  for  a  desirable  volu- 
metric method  for  use  in  the  laboratory.  It  may  be  of  value  as  a  con- 
venient means  for  reducing  arsenic  add  to  arsenious  add  preliminary  to 
predpitation  by  hydrogen  sulphid.  As  a  basis  for  a  field  test,  in  default 
of  anything  better,  it  does  offer  some  promise,  and  experiments  in  that 
direction  are  now  tmder  way. 
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BilUs  pnennis,  food  plant  of  Agromyta  pusilla 63 

Benzene  derivatives  in  soils 357-364 

Benzoic  add.    5«#  Add,  benzoic. 

Bfto  vulgaris,  bacterial  disease  of  leaves 189-2  xo 

food  plant  of  i4^om>«(i  ^tmZto 63 

B€iula  nigra,  cambium  miner  in 471-474 

infestation  by  Agromyta  pruinosa 473 

Birch,  river.    5W  B€tula  nigra. 
Bladder  senna.    5W  ColutM  arharesctns. 

Billet,  nursery,  of  Carya  ilUnoensis 305-3x2 

twig,  oi  Quircus  prinus 339-346 

Boll  weevil,  cotton,  occurrence  in  Arizona S9-9B 

BrasHca  napus,  food  plant  of  Agromywa  pusilla 64 

injury  by  Agromywa  pusiUa 74"7S 

oUracM,  food  plant  of  i4^om>«(i  pusiUa 63 

rapa,  food  plant  of  i4^om>«(i  pusiUa 63 

Briggs,  L.  J.  et  al.,  (paper).  Indicator  Significance  of  Vegetation,  etc 365-4x8 

Bromus  marginaUu  stminudus,  in  Ibode  Valley,  Utah 394 

Uciorum,  in  Toode  Valley,  Utah ^ 378, 401 

Blown,  N.  A.  and  Jamieson,  C.  O.  (paper).  Bacterium  Causing  a  Disease  of 

Sugar-Beet  and  Nasturtium  Leaves x89-flxo 

Buck,  John  M.,  Mohler,  John  R.,  and  Eichhom,  Adolph  (paper),  Diagnosis 
of  Dourine,  etc 99-X08 

Cabbage.    5W  Brassica  okraaa. 

California  desert  almond.    S^e  Prunus  fasciculaia, 

soil,  composition  of  Triiicum  sativum  on 278-282 

CalliepkialUs  carbonarius,  relation  to  CaUiepkialUs  sp 2x2 

comstoMi 2x4 

messor 213-2x4 

Calliephialtes  Parasite  of  the  Codling  Moth,  The  (paper) 211-238 

CalHepkiaUes  pusio 214 

sp 21X-235 

Cambium  Miner  in  River  Birch,  The  (paper) 471-474 

Campanula  tracheUum,  food  plant  of  Agromywa  pusilla 63 

Capsicum  sp.,  food  plant  of  Agromywa  pusilla 63 

Carduus  scariosus,  in  Toode  Valley,  Utah 406 

Carya  ilUnoensis,  diseases  of 303-338 

anthracnose  of 319-330 

crown-gall  of 334-337 

nursery,  blight  of 305-312 

Castanea  dentata,  heart-rot  of 117-119, 121,  X27 

inoculation  with  Diplodia  longispora 341 

twig  blightof 339 

pumila,  heart-rot  of X16-117, 119 

CasUlUja  linariaefoUa,  in  Tooele  Valley,  Utah 378,387 

Cells,  tyloselike,  occurrence  in  conifers 461-462 

Cerasus  minuUflora,  syn.  Prunus  minuHflora. 

Cercosporafusca,  causal  organism  of  brown  leaf-qwt  of  Carya  ilUnoensis 312-319 

emend,  sp 31^19 

Chaenactis  douglasii,  in  Toode  Valley,  Utah 378 

Chapin,  R.  M.  (paper).  Reduction  of  Arsenic  Add  to  Arsenious  Acid  by  Thio- 
sulphuric  Add 515-517 
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Chemical  characteristics  of  Triticum  sativum,  enyixDomental  influences  on. .  275-298 

derry  orange.    5«#  Citiopsis. 

Chestnut.    Set  Casianea  dentaia. 

Chinquapin.    Sm  Castansa  pumila. 

Chrysocharis  ainsim,  parasite  of  Agromyta  puHUa 79 

farbtn,  pannttoi  Agromyta  fmsilta 79 

Chrysopsis  villosa,  in  Tooele  Valley,  Utah 378 

Ckrysoihamnus  graveoUns  glabraia,  in  Tooele  Valley,  Utah 405 

marianus,  in  Tooele  Valley,  Utah 57^394 

naus€osus  albicaulis,  in  Toole  Valley,  Utah 37^3^ 

pumilus,  in  Tooele  Valley,  Utah 378,387 

Ciffospilus  flcnovifidis,  parasite  of  Agromywa  pusilla 81 

sp.,  pamatA  oi  Agromyta  pusilla 83 

Citropsis,  a  New  Th>pical  African  Genus  Allied  to  Citrus  (paper) 419-436 

Citropsis  articulata,  n.  comb 433 

gabuntnsis,  n.  comb 430-432 

CitfDpsis,  grafting  of 435 

hybridization  of 435-436 

Citropsis  mirabiUs,  n.  comb 43*~433 

Citropsis,  new  genus 4sk 

Citropsis  Preussii,  n.  comb 423-425 

Sckwnnfurtkii,  n.  comb 426-429 

Citropsis,  possible  usesof 434 

Citrullus  vulgaris,  food  plant  of  Agromyaa  pusilla 63 

Citrus,  alliance  to  Citropsis \ 419-^436 

Citrus  articulata,  syn.  Citropsis  articulata, 

Cavalirei,  relation  to  C.  ichangensis ix 

ceMnca,  relation  to  C.  ichangensis zo 

histrix,  relation  to  C.  ichangensis 10 

Citrus  Ichangensis,  a  Promising,  Hardy,  New  Species  from  Southwestern  China 

and  Assam  (paper) 1-14 

Citrus  ichangensis  latipes,  n.  subsp 11 

macroptera,  relation  to  C.  ichangensis 10 

papuana,  relation  to  C.  ichangensis 10 

Cladosporium  gramineum,  isolated  from  Avena  sativa 476 

Cleomeserrulata,  in  Tooele  Valley,  Utah 406 

Closteroceras  utahensis,  parasite  of  Agromyea  pusilla 8x 

Clover,  red.    See  Trifolium  pratense. 

sweet.    See  Melilotus  officinalis. 

white.    See  Trifolium  repens, 

zigzag.    See  Trifolium  medium. 

Codling  moth,  Calliephialtes  parasite  of 211-438 

Collins,  G.  N.  (paper),  Drought-Resisting  Adaptation  in  Seedlings  of  Hopi 

Maize 293-3<» 

Colutea  arborescens,  food  plant  of  Agromyza  pusilla 63 

Complement  fixation,  diagnosis  of  dourine  by 99-iQg 

Complement-fixation  test  for  dourine 105-107 

Coniothyrium  caryogenum,  causal  organism  of  kernel-spot  in  Carya  illinoensis . .  330-334 

n.sp 334 

Cotton.    See  Gossypium  barbadense. 

Cotton-boll  weevil,  occurrence  in  Arizona 89-98 

Cowania  stansburiana,  in  Tooele  Valley,  Utah 378 

Cowpea.    See  Vigna  unguiculata. 
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Crepis  glauca,  in  Tooele  Valley,  Utah 405 

occidenialis,  in  Tooele  Valley,  Utah 378 

Cream  of  tsurtar,  ciystallization  in  the  fruit  of  grapes 513*514 

Creosote,  wcxxl  penetration  of,  affected  by  tyloses 464-467 

Crown-gall  of  Carya  ilUnoensts 334-337 

Cryptantke  muUicaulis,  in  Tooele  Valley,  Utah 394 

Crystallization  of  Cream  of  Tartar  in  the  Fruit  of  Grapes  (paper) 515-5x4 

Cfytanth$  ip.,  in  Tooele  Valley,  Utah 378, 387 

Coshman,  R.  A.  (paper),  Calliephialtes  Parasite,  etc 3x1-938 

Cypress  spui|^.    Ste  Euphorbia  cypanstias. 

CysHcercus  ctUulosae,  comparison  with  C.  ovis 31 

confusion  with  C  ovis 15 

syn.  Taenia  ovis. 
ovipariens,  syn.  Taenia  avis. 
oviparuSf  syn.  Taenia  ovis. 
OTjis.    See  also  Taenia  ovis. 

Cysticercus  Ovis,  the  Cause  of  Tapeworm  Cysts  in  Mutton  (paper) H'S^ 

Cytticercus  tenuicollis,  comparison  with  C.  ovis 32-33 

confusion  with  C.  ovis 17 

syn.  Taenia  ovis. 
Cysts,  tapeworm,  in  mutton,  Cysticercus  ovis,  cause  of 15-53 

Dahlberg,  A.  O.,  and  Rogers,  L.  A.  (paper),  Origin  of  Some  of  the  Streptococci, 

etc 49<~5ix 

Daisy,  garden.    See  BelUs  perennis. 
Dandelion.    See  Taraxacum  geniculata. 

Delphinium  hurkei,  in  Tooele  Valley,  Utah 378 

Derosienus  ariMonensis,  parasite  on  Agromyta  pusilla 80 

diastaiae,  parasite  on  Agromym  pusilla 80 

functiveniuSf  parasite  on  Agromyza  pusilla 80 

piciipes,  parasite  on  Agromyta  pusilla 80 

varipes,  parasite  on  Agromyza  pusilla 81 

Desert  apricot.    See  Prunus  eriogyna. 

Diagnosis  of  Dourine  by  Complement  Fixation,  The  (paper) 99-108 

DiauUnopsis  callichroma,  parasite  of  Agromyza  pusilla 81 

8p.,  parasite  of  Agromyza  pusilla 83 

DiauUnus  begini,  parasite  of  Agromyza  pusilla 78 

websterif  parasite  of  Agromyza  pusilla 79 

Diboihriocephalus  spp.,  comparison  with  Taenia  ovis 35 

Diplodia  longispora,  causal  oiganism  of  twig  blight  of  Quercus  prinus 345-346 

DipyUdium  caninum,  comparison  with  Taenia  ovis 34 

Dbease,  bacterial,  of  leaves  of  Beta  vulgaris  and  Tropaeolum  majus 189-3x0 

Diseases  of  Carya  ilUnoensis 303-338 

Disiichlis  spicaia,  in  Tooele  Valley,  Utah 405 

Dodecatheon  sp.,  in  Tooele  Valley,  Utah 405 

Dourine,  complement-fixation  test  for 105-107 

diagnosis  by  complement  fixation 99-108 

Draba  sp.,  in  Tooele  Valley,  Utah 378 

Drought-Resisting  Adaptation  in  Seedlings  in  Hopi  Maize,  A  (paper) 393-303 

Echinococois  granulosus,  comparison  with  Taenia  ovU 34 

Eichhom,  Adolph,  Mohler,  John  R.,  and  Buck,  John  M.  (paper).  Diagnosis  of 

Dourine,  etc 99-108 

Elder,  European.    See  Sombucus  nigra. 
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Elymut  cornkmatus,  in  Tooele  Valley,  Utah 401 

EmpUctocladus  andersonU,  syn.  Prunus  ondtrsomu, 

fascicuUUut,  syn.  Prunus fasckulaia. 

Emplectocladus,  subgenusof  Prunus 15^ 

Enemies  of  Agromywa  pusilia 7^-^S 

Set  also  Parasite. 

Entedanine,  parasite  of  Agromywa  pusiUa Ss 

Environmental  Influences  on  the  Physical  and  Chemical  Characteristics  of 

Wheat  (paper) S75-S9S 

EpkialUs  cofbonanus,  vyn,  CaUUpkialUs  carbonarius, 

comstockn,  syn.  CalU^pkicUUs  camsfod^, 

wi$ssoT,    See  CaUiepkiaUes  messor. 

Pusio,  syn.  CaUiepkicUUs  pusio. 

Efigeron  pumilus,  in  Tooele  Valley,  Utah 378 

Eriocoma  cuspidata,  in  Tboele  Valley,  Utah 378, 387 

Efioganum  umuum,  in  Tooele  Valley,  Utah 387 

keameyi,  in  Tooele  Valley,  Utah 387 

ovaJifoUum,  in  Tboele  Valley,  Utah 378,387 

Efodium  ckukuiusu,  in  Tboele  Valley,  Utah 378, 387, 389 

Errata tv 

Erysimum  asperrimum,  in  Tooele  Valley,  Utah 40X 

Erytkraea  artMmka,  in  Tooele  Valley,  Utah 406 

Erythraeus,  enemy  of  Agromysa  pusilla 83 

Eucoila  bunieri,  parasite  of  Agromyea  pusilla 89 

Euphorbia  cyparissias,  food  plant  of  Agromyn  pusilla 63 

Euprunus,  subgenus  of  Prunus 153 

EwoUa  lanata,  in  Tooele  Valley,  Utah 387, 394 

Feces,  streptococci  from 49s 

Fenugreek.    See  TrigonsUafoenum-grascum. 

Fermentation,  caused  by  streptoccoci 504-50$ 

Festuca  octoflora  hiriella,  in  Tooele  Valley,  Utah 378 

Fixation,  complement,  diagnosis  of  dourine  by 99-108 

Flecks,  pith-ray,  in  Beiula  nigra 471-473 

Femes  lobaius,  cause  of  heart-rot  of  Quercus no 

Foot-Rot  of  the  Sweet  Potato,  The  (paper) 351-474 

Foreword i 

Fungi,  imperfect,  isolation  from  TriHcum  sativum,  Avena  saHva,  and  Hordeum 

vulgare 475-4«9 

Fusarium  culmorum,  isolation  from  Avena  saHva 476 

invale,  relation  to  infection  of  cereals 486 

roseum,  relation  to  F.  culmorum  and  to  Gibberella  saubineUi 485 

rubiginosum,  syn.  of  F.  culmorum. 

Galeopsis  iekakit,  food  plant  of  Agromyza  pusilla 63 

Galloway,  B.  T.  (paper).  Foreword i 

Gaura  paroiflora,  in  Tooele  Valley,  Utah 378 

Gerry,  E.  (paper).  Tyloses;  Their  Occurrence,  etc 445-469 

Gibberella  saubinetH,  relation  to  Fusarium  roseum 485 

Gilia  leptomeria,  in  Tooele  Valley,  Utah 387 

pungens,  in  Tooele  Valley,  Utah , 387 

Glaux  maritima,  in  Tooele  Valley,  Utah 405 

Glomerella  cinguUUa,  causal  ofganism  of  anthracnose  of  Carya  ilUnoensis 319-330 
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Cassypium  barbadense,  food  plant  of  Agromyta  pusiUa 64 

mjury  by  Agromyza  pusilla ^ 75"76 

Grapes*  crystallization  of  cream  of  tartar  in  the  fruit  of 5^3-514 

Oras8»  salt.    See  DisHchlis  spicata. 

Grayia  spinosa,  in  Tooele  Valley,  Utah 387 

Greasewood-shadscale.    See  Sarcohatus  spp.  and  Atriplex  spp. 

Greene,  C.  T.  (paper),  Cambium  Miner  in  River  Birch 471-474 

GuUeneMia  sarotkrae  in  Tooele  Valley,  Utah 378, 389, 401 

Gymnosporangium  chinensis,  n.  sp.,  on  Juniperus  ckinensis 354 

haraenum,  relation  to  G.  ckinensis 354 

japonicum,  relation  to  G,  chinensis 354 

Gynmosporangium,  species  from  Japan 353~35^ 

Halerpesies  cymbalaria  in  Tooele  Valley,  Utah 405 

Hardwood,  heart-rot,  especially  of  Quercus 109-138 

tyloses  in 451 

Barter,  L.  L.  (paper),  Foot-Rot  of  the  Sweet  Potato 351-974 

Harvard's  almond.    See  Prunus  harvardii, 

Heart-fot,  of  hardwood  trees,  especially  of  Quercus 109-138 

HeUnintkospofium  avenae,  relation  to  H,  gramineum 484 

gramineum,  isolation  from  Tniicum  sativum  and  Hordeum  vulgare 475*476 

stunting  of  roots  of  TriHcum  sativum  by 481 

teres,  relaticvi  to  H,  gramineum 484 

Henbane.    See  Hyoscyamus  niger, 

Hesperetkusa  crenulata,  syn.  Limonia  acidissima. 

Sckory,  pignut.    See  Hicoria  glabra, 

Hicoria  glabra,  tyloses  in 451 

Hopi  maize.    See  maize,  Hopi. 

Hordeum  jubaium,  in  Tooele  Valley,  Utah 406 

vulgare,  imperfect  fimgi  isolated  from 475-489 

inoculation  with  imperfect  fungi 476^481 

Hybrids,  Prunus  texana 161-164 

Hydnum  erinaceus,  cause  of  hoUow-producing  tot  in  Quercus 109-1x2,  zaz 

Hyoscyamus  niger,  food  plsaitGS  Agromyea  pusilla 63 

Imperfect  fungi.    See  Fungi,  imperfect. 

Indicator  Significance  of  Vegetation  in  Tooele  Valley,  Utah  (paper) 365-418 

Individual  Variation  in  the  Alkaloidal  Content  of  Belladonna  Plants  (paper) . .  139-146 
Influences,  environmental,  on  the  physical  and  chemical  characteristics  of 

Triticum  sativum 375-393 

Ingram,  D.  E.  (paper),  Twig  Blight  of  Quercus  Prinus,  etc 339*34^ 

Ipomoea  batatas,  foot-rot  of 351-374 

Iris  sp.,  in  Tooele  Valley,  Utah 405 

Iva  amxiUaris,  in  Tooele  Valley,  Utah 405 

Jamieson,  C.  O.,  and  Brown,  N.  A.  (paper).  Bacterium  Causing  a  Disease  of 

Sugar-Beet  and  Nasturtium  Leaves 189-310 

Japan,  species  of  Gymnosporangium  from 3S3^S6 

Johnson,  E.  C.  (paper).  Study  of  Some  Imperfect  Fungi  Isolated  from  Wheat, 

Oat,  and  Barley  Plants 475-M^ 

Juncus  baUicus,  in  Tooele  Valley,  Utah 405 

Juniperus  utahensis,  in  Tooele  Valley,  Utah 3S7 
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Kansas  soil,  composition  of  Triticum  sativum  on ayS-aSa 

Kearney,  T.  H.,  Briggs,  !•.  J.,  Shantz,  H.  L.,  McLane,  J.  W.,  and  Piemeisel, 

R.  L.  (paper),  Indicator  Significance  of  V^;etation,  etc 365-418 

Kellerman,  M.,  and  Swingle,  W.  T.  (paper),  Qtropsis,  etc 419-436 

Kemel-epot  of  Carya  ilUnoenns 330-335 

Kockia  vesHta,  in  lVx>ele  Valley,  Utah 38^-394, 401 

Lappula  caeruksans,  in  Tooele  Valley,  Utah 378 

cupulata,  in  Iboele  Valley,  Utah 378 

occidentaUs,  in  Tooele  Valley,  Utah 3789387,394,401 

sp.,  in  Tooele  Valley,  Utah 387 

Lappula  tubdscumbtnt,  in  Tooele  Valley,  Utah 378 

Laihyrus  odoratus,  food  plBsA  ai  Agromyia  pusiUa 64 

Layia  glandulosa,  in  lVx>ele  Valley,  Utah 378^  387 

Leaf-miner,  serpentine S9^^ 

htaS'Spot,  brown,  of  Carya  illinotnsis 318-319 

LeClerc,  J.  A.,  and  Yoder,  P.  A.,  (paper)  Environmental  Influences  on  tiie 

Physical  and  Chemical  Characteristics  of  Wheat ^S^*9* 

Lspidium  jonesii,  in  Tooele  Valley,  Utah 394 

puUcarpum,  in  Tooele  Valley,  Utah 387 

sp.,  in  Tooele  Valley,  Utah 389 

LiuuUiu  ericoid€s,  in  Tooele  Valley,  Utah 378 

Limonia  addissima,  relation  to  Citropsis , 420 

Demeusei 434 

ffabunensis,  syn,  Citropsis  gabunsnsis. 
LacoufHana,  syn.  Citropsis  gabunensis, 
mirabiUs,  syn.  Citropsis  mirabilis. 
Poggei,  syn.  Citropsis  Sckweinfurthii, 

var.  latialata 434 

Pf^ussii,  syn.  Citropsis  Preussii. 
Schweiirfurtkii,  Byn.  Citropsis  Sckweinfurihii. 
ugandensis,  syn.  Citropsis  Schweiirfurthii. 

I/mg,  W.  H.  (pi^>er),  Polyporus  Dryadeus,  etc 939-950 

Undescribed  Species  of  Gymnosporanginm,  etc 3S3^^ 

Three  Undescribed  Heart-Rots  of  Hardwood  Trees,  etc 109-138 

McLane,  J.  W.,  et  al.  (paper).  Indicator  Significance  of  Vegetation,  etc 365-418 

Afachaeranthera  canescens,  in  Tooele  Valley,  Utah 401 

Maize,  germination  of  varieties  when  planted  at  different  depths 996-998 

Hopi,  drought-resisting  adaptation  of 393-303 

mesocotyl  of 994-995 

Mallow,  common.    See  Malva  rotundifoUa. 

Afaha  rotundifoUa,  food  plant  of  Agromyza  pusilla 64 

Mahfastrum  coccineum,  in  Tooele  Valley,  Utah 378 

Maryland  soil,  compodtion  of  Triticum  sativum  on 978-983 

Mason,  S.  C.  (paper).  Pubescent- Fruited  Species  of  Prunus,  etc 147-178 

Meadow  queen.    See  Spiraea  almaria. 

Measles,  sheep 15 

eradication  of 5i-*S» 

geographic  distribution  of 48 

Medicago  sativa,  food  plant  of  Agromyza  pusilla 59~^ 

MeUlotus  alba,  in  Tooele  Valley,  Utah 406 

officinalis,  food  plant  of  Agromyza  pusilla 64 

MentzeUa  dispersa^  in  Tooele  Valley,  Utah 378 

^laevicauUs,  in  Tooele  Valley,  Utah 378 
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Mesoc$stoides  spp.,  comparison  with  Taenia  ovis 35 

Metaoxjrtoluic  acid.    See  Add,  metaox3rtoltdc. 

Mexican  almond.    See  Prunus  microphylla. 

Milk,  origin  of  some  of  the  streptococci 491-51X 

streptococci  from 492 

Miner,  cambium,  in  Betula  nigra 471-474 

leaf,  serpentine 59-^ 

Mohler,  John  R.,  Eichhom,  Adolph,  and  Buck,  John  M.  (paper),  Diagnods  of 

Bourine,  etc 99~zo8 

Moth,  codling,  Calliephialtes  parasite  of azx-338 

Mouth,  streptococci  from 49a 

MuUiceps  muliiceps,  comparison  with  Taenia  ovis 34~'35 

seridUs,  comparison  with  Taenia  orois 34 

Mtrtton,  Cysticercus  ovis,  cause  of  tapeworm  cysts  in z5~5S 

Mustard,  hedge.    See  Sisymbrium  officinale. 

Nasturtium.    See  Tropaeolum  majus. 
Nettle,  hedge.    See  Stachys  sylvantrica. 

hemp.    See  Galeopsis  telrahit, 
Nevada  wild  almond.    See  Prunus  andersonii. 

New  Potato  Weevils  from  Andean  South  America  (paper) 347^5^ 

NicoHana  sp.,  food  plant  of  Agromysa  pusiUa 64 

Nitrate  of  soda,  winter  spraying  with 437-444 

Norway  pine.    See  Pinus  resinosa. 

Nurseiy-blight  of  Carya  iUinoensis 305-3x3 

Oak,  blackjack.    See  Quercus  marilandica, 

scarlet.    See  Quercus  coccinea. 

Texan.    See  Quercus  iexana. 

valley.    See  Quercus  lohata, 

white.    See  Quercus  alba. 

See  also  Quercus  spp. 
Oats.    See  Avena  saliva. 

Occurrence  of  a  Cotton  Boll  Weevil  in  Arizona,  The  (paper) ^. .  89-98 

Ononis  repens,  food  plant  of  Agromyza  pusiUa 63 

spinosa,  food  plant  of  Agromysa  pusiUa 63 

O^Attfio/ltieftta  ^iitai,  comparison  with  Taenia  ovis 35 

Opius  agromytae,  parasite  of  Agromysa  pusilla 83 

aridus,  paxBsitt  ci  AgromyMa  pusilla 82 

brunneipes,  parasite  of  Agromysa  pusiUa 8a 

suturaUs,  parasite  of  Agromysa  pusilla 8a 

OpunHasp,,  in  Tooele  Valley,  Utah 378, 389, 394 

Orange,  African  cherry.    See  Citropsis. 

Oreocarya  shantsii,  in  Tooele  Valley,  Utah 394 

Ortkocarpus  tohUei,  in  Tooele  Valley,  Utah 406 

Origin  <A  Some  of  the  Streptococci  Fotmd  in  Milk,  The  (paper) 491-511 

Osdnus  brassicae,  syn.  Agromysa  pusilla. 

IrifoUi,  syn.  Agromysa  pusilla. 

Pachylophus  marginaius,  in  Tooele  Valley,  Utah 378 

Parasite,  Calliephialtes,  of  the  codling  moth aii-338 

of  Agromysa  pusiUa 7<^3 

root,  on  Quercus  spp 339-250 

sheep-measle.    See  Taenia  ovis. 
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Parker,  E.  O.  (paper),  Selective  Adaofption  by  Soib 179-188 

Parks,  T.  H.,  and  Webster,  P.  M.  (paper).  Serpentine  Leaf-Miner 59^88 

Pea,  sweet.    Se$  Latkyrut  odoraius. 
Peach,  wild.    5W  Prunus  Uxana. 
Pecan.    See  Carya  ilUnoensu, 

Penarmeniaca,  n.  sect 154 

Pepper.    See  Capsicum  sp. 

Phacelia  Uneam,  in  Tooele  Valley,  Utah 378 

Phlox  Icngifolia,  in  Tooele  Valley,  Utah 378 

PkyllosHcia  caryogena,  syn.  of  P.  caryae. 

caryae,  causal  organism  of  nursery-blight  of  Carya  iUinoenns 305-3x2 

amvcmla,  growth  with  GlomereUa  cingukUa 329 

Physical  characteristics  of  Triticum  xeUmifi,  environmental  influences  on 275-492 

Piemeisel,  R.  L.,  et  al.  (paper),  Indicator  Significance  of  V^;etation,  etc 365-4x8 

Pierce,  W.  D.  (paper).  New  Fouto  Weevils,  etc 347-35a 

Occurrence  of  a  Cotton  Boll  Weevil  in  Arizona B9-98 

Piloprunus,  n.  sect 153-1S4 

Pine,  Norway.    See  Pinus  reHnosa, 

Pifkm.  See  Pinus  eduUs. 
Pifkon  pine.  See  Pinus  eduUs, 
Ptmix  €(fuiu,  tyloses  lacking  in 460 

resinosa,  tyksses  in 460 

Pith-ray  flecks  in  Btflttiam^ 47Z-473 

Plantago  sp.,  food  plant  of  Agromysa  pusilla 64 

Plantain.    See  Plantago  sp. 

Plenodomus  destruens,  causal  organism  of  foot-rot  of  Ipomoea  batatas 253-473 

Pleutotropis  rugosithorax,  parasite  of  Agromyea  pusilla 82 

Poo  finwinwtJ,  in  Tooele  Valley,  Utah 405 

sandbergii,  in  Tooele  Valley,  Utah 378, 389, 394 

«P 401 

Polypofus  berkeleyi,  causal  otganism  of  string  and  ray  lot,  in  Quercus. .  x  lo-i  12,  x22-xa5 

in  Quercus  alba x22-xa5 

in  Quercus  velutina X23 

corruscons,  syn.  P.  dryopkilus. 

POlyporus  Dryadeus,  a  Root  Parasite  on  the  Oak  (paper) 239-250 

Polyporns  dryophilus,  causal  organism  of  heart-rot  in  Quercus 109-X12 

confuaon  with  P.  dryadeus 239-24X 

freisii,  syn.  P.  dryophilus. 

frondosus,  causal  organism  of  straw-colored  rot  in  Quercus 110-112, 125-X27 

occurrence  on  Quercus  digitata 127 

fuhus,  syn.  P.  dryophilus, 

pilotae,  causal  organism  of  pocketed  or  piped  rot 110-112, 1x4-122 

in  Quercus  alba 110-112,  X14-X15 

in  Quercus  coccinea xis-xi6 

in  Castanea  dentata XX7-XX8 

in  Castanea  pumila xx6-ix7 

in  Quercus  texana xx6 

rheades,  syn.  P.  dryophilus. 

sulphureus,  causal  organism  of  brown,  checked  rot  of  Quercus xo9-xx2 

vulpinus,  syn.  P.  dryophilus. 

Potassium  bitartrate,  crsrstals  in  fruit 5<3^i4 

Potato.    See  Solanum  tuberosum. 
Potato,  sweet.    See  ipomoea  batatas. 
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Premnotiypes,  new  genus 34S 

Premnoirypes  solam,  n.  sp 34A-349 

Presence  ctf  Some  Benzene  Derivatives  in  Soils,  The  (paper) 357^64 

Prunus,  classification  of 153-154 

Pfunus  andersonii 164-166 

eriogyna,  n.  sp z66'Z7o 

fasciculaia 170-172 

fremonii,  syn.  Prunus  eriogyna, 

§landulosa,  syn.  P.  texana, 

kavardii,  n.  comb 176-177 

Hookeri,  syn.  P.  iexana, 

micropkylla 174-176 

minutiflora 172-174 

Prunus,  pubescent-fruited  species  of  the  Southwestern  States 147-178 

Prunut  texana 154-164 

hybrids \ 161-164 

Pieudomanas  tenuis,  comparison  with  Bacterium  apatum 206-208 

Psoralea  lanceolata,  in  Tooele  Valley,  Utah 387 

Pteromalus  sp.,  parasite  of  Agromyza  pusilla 82 

Ptilocalais  nutans,  in  Tooele  Valley,  Utah 378 

Pubescent-Fruited  Species  of  Prunus  of  the  Southwestern  States,  The  (paper) .  147-178 

PucdneUia  airoides,  in  Tooele  Valley,  Utah 405 

Purskia  tridentata,  in  Tooele  Valley,  Utah 387 

Quercus  alba,  heart-rot  of 109-112, 114-115, 122-127 

inoculation  with  Diplodia  longispora 341 

root-rot  of 245-246 

twig  blight  of 339 

coccinea,  heart-rot  of 114-1x6 

host  for  Diplodia  longispora 345 

gambelli,  inoctdations  with  Diplodia  longispora 341 

lobata,  inoctdation  with  Diplodia  longispora 341 

tyloses  in 451 

marilandica,  tyloses  in 451 

minor,  inoctdation  with  Diplodia  longispora 341 

root-rot  of 245 

nigra,  root-rot  of 245 

prinus,  root-rot  of 245 

twig  blight  of 339-346 

rubra,  inoculation  with  Diplodia  longispora 341 

spp.,  heart-rots  of 109-128 

root  parasite  on 239-250 

root-rot  caused  by  Polyporus  dryadeus 345-247 

texana,  heart-rot  of 116,  Z19 

inoculation  with  Diplodia  longispora 341 

.    root-rot  of 245 

veUitina,  root-rot  of 245 

virginiana,  inoctdation  with  Diplodia  longispora 341 

Radish.    Ste  Raphanus  sativus. 

Rand,  F.  V.  (paper).  Some  Diseases  of  Pecans 303-338 

Ransom,  B.  H.  (paper),  Cysticercus  Ovis,  the  Cause  of  Tapeworm  Cysts  in 

Mutton 15-58 

Rape.    See  Brassica  napus. 
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Raphanus  soHvus,  food  plant  of  Agromyaa  pusilla 63 

Reduction  of  Anenic  Acid  to  Arsenious  Acid  by  Thiosulphuric  Acid  (paper) .  515-517 
Rest-hanow.    St€  Ononis  spp. 

Rkigoptidius  tucumomus 347>350-35i 

River  birch.    See  Beiula  nigra. 

Rock  cress,  smooth.    See  Arabis  laeuigaia. 

Rogers,  L.  A^,  and  Dahlberg,  A.  O.  (paper),  Origin  of  Some  of  the  Streptococci 

Found  in  Milk 491-511 

Root  parante  on  Quercus  spp 939-250 

Root-fot  of  oak.    See  Root-rot  of  Qnercus  spp. 

of  Qnercus  spp 945-347 

Rot,  brown,  checked 109-114 

butt,  types  found  inQnercusalba xiz-ixa 

checked.    See  Rot,  brown,  checked. 

heart.    See  Heart-rot. 

boUow-produdng 109-iia 

piped.    See  Rot,  pocketed  or  piped. 

pocketed  or  piped 109-113, 1X3-1M 

ray.    See  Rot,  string  and  ray. 

root.    See  Root-rot. 

straw-colored iio-iia,  125-127 

string  and  ray 110-112, 122-125 

Rye.    See  Seoale  cereaie. 

Sagebrush.    See  Artemisia  tridentaia, 

Salicomia  rubra,  in  Iboele  Valley,  Utah 406 

Salt  grass.    See  DistichUs  spicata. 

Sambncus  nigra,  food  plant  of  Agromyea  pusilla 63 

Sarcobatus  vermiculaius,  in  Tboele  Valley,  Utah 387, 401 

Secale  cereaie,  inoculation  with  imperfect  fungi 476-478 

Selective  Adsorption  by  Soils  (paper) 179-188 

Senecio  uinUdtensis,  in  Tooele  Valley,  Utah 378, 387 

Senna,  bladder.    See  Coluiea  arborescens. 

Serpentine  Leaf-Miner,  The  (paper) 59-^ 

Shadscale .    See  A  triplex  conferUfolia. 

Shantz,  H.  L.i  et  al.,  (paper)  Indicator  Significance  of  Vegetation,  etc 365-4x8 

Sheep  measles.    See  Measles,  sheep. 

number  affected  with  sheep  measles x6 

Shorey,  E.  C.  (paper).  Presence  of  Some  Benzene  Derivatives  in  Soils 357~3^ 

Sievers,  A.  P.  (paper).  Individual  Variation  in  the  Alkaloidal  Content  of  Bella- 
donna Plants X29-146 

Sisymbrium  officinale,  food  plant  of  Agromysa  pusilla 64 

Sitanion  jubatum,  in  Tooele  Valley,  Utah 378 

minus,  in  Tooele  Valley,  Utah 394, 40X 

Soda,  nitiateof,  winter  spraying  with 437^444 

Softwood,  tyloses  in 458-4<^i 

Soil,  benzene  derivatives  in 357-364 

benzoic  acid  in 357-35^ 

infected  with  Helminthosporium  gramineum,  injury  to  Triiicum  sativum  by .      48X 

metaoxytoluic  acid  in 35^359 

selective  adscnption  by X79-X88 

vanillin  in 3S9"3^ 

Solanum  tuberosum,  food  plant  of  Agromysa  pusilla 63 
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Some  Diseases  of  Pecans  (paper) 303^38 

Sonckus  oleraceus,  food  plant  of  Agromyza  pusilla 63 

Sophia  fiUpes,  in  Tooele  Valley,  Utah 378 

pinnata,  in  Tooele  Valley,  Utah 37d,40z 

Sou^  America,  potato  weevils  from 347^5* 

Southwestern  States,  pubescent-fruited  species  of  Prunus  from 147-178 

SparUna  gracilis,  in  Tooele  Valley,  Utah 405 

Sphaerella  convexula,  relation  to  Phyllosticta  convexula 329 

Sphaeria  convexula,  syn.    Sphaerella  convexula. 

Sphaerostigma  pubens,  in  Tooele  Valley,  Utah 3S9 

Spinach.    See  Spinacia  oleracea. 

Spinacia  oleracea,  food  plant  of  Agromyza  pusilla 63 

Spiraea  ulmaria,  food  plant  of  Agromyza  pusilla 63 

Sporobolus  airoides,  in  Tooele  Valley,  Utah 405 

^iraying,  dormant,  stimulation  by 437-444 

winter,  with  nitrate  of  soda ^ 437-444 

Stachys  syhanirica,  food  plant  of  Agromyza  pusilla — ^ 63 

SHpa  comata,  in  Tooele  Valley,  Utah 378,387 

Streptococci,  action  on  litmus  milk 503 

correlation  of  physiological  characters  of 497-502 

fermentation  of  carbohydrates  caused  by 5^-505 

origin  of  some  found  in  milk 491-511 

relation  of  physiological  groups  to  known  species  of 507-508 

Streptococcus  pyogenes,  relation  to  physiological  groups  of  cultures 507-508 

Study  of  Some  Imperfect  Fungi  Isolated  from  Wheat,  Oat,  and  Barley  Plants,  A 

(paper) * 475-489 

Suaeda  erecta,  in  Tooele  Valley,  Utah 406 

intermedia,  in  Tooele  Valley,  Utah 401 

moquinii,  in  Tooele  Valley,  Utah 401 

Sugar  beet.    See  Beta  vulgaris. 

Surra,  antigen  from,  used  in  diagnosis  of  dourine 101-105 

Sweet  potato.    See  Ipomoea  batatas. 

Swingle,  W.  T.,  paper.  Citrus  Ichangensis,  etc 1-14 

and  Kellerman,  M.,  paper,  Citropsis,  etc 419-436 

Sympha  agromyzae,  parasite  of  Agromyza  pruinosa 474 

Sympiesis  sp.,  parasite  of  Agromyza  pusilla S2 

Taenia  balaniceps,  comparison  with  T.  ovis 35 

brachymosa,  comparison  with  T,  ovis 35-36 

brauni,  comparison  with  T,  ovis 35 

coenurus.    See  MulOceps  multiceps, 

echinococcus.    See  Echinococcus  granulosus. 

hydatigena,  comparison  with  T.  ovis 33-34 

krabbei,  comparison  with  T.  ovis 36-37 

marginata.    See  T.  hydatigena, 

ovis,  comparison  with  other  species 31-39 

life  history  of ao-38 

pisifomtis,  comparison  with  T,  ovis 34 

serialis.    See  Multiceps  serialis, 

serrata.    See  T.  pisiformis. 
Tapeworm  cysts  in  mutton,  CysOcercus  ovis,  cause  of 15-58 

of  dog.    See  Taenia  ovis. 

Taraxacum  geniculata,  food  plant  of  Agromyza  pusilla 63 

Tartar,  cream  of.    See  Cream  of  tartar. 
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T&ircdymia  glabtata,  in  Tooele  Valley,  Utah 394 

inermis,  in  Tooele  Valley,  Utah 378 

nuUaUU,  in  Tooele  Valley,  Utah 401 

spinosa,  in  Iboele  Valley,  Utah 394 

Texas  almond.    Se$  Prunus  minuiiflora, 

ThaUsiafasdculaia,  in  Tooele  Valley,  Utah 378 

TMypodiwm  tUgatu,  in  Tooele  Valley,  Utah 394 

Thistle,  sow.    5«#  Sonchus  oUractout. 

Three  Undescribed  Heart-Rots  of  Hardwood  IVees,  Especially  of  Oak  (papet).  109-138 

Thtrberia  thtsp^sioidts,  host  for  ootton-boll  weevil 93 

Tobacco.    5W  Nicotiana  sp. 

Tooele  Valley,  Utah,  dassificatioa  of  tjrpes  of  vegetadon  in 374-375 

climate  of 369^70 

cocrelation  between  tjrpes  of  vegetation  and  productivity  of  land  in 4x3-415 

determination  of  soil-moisture  content  in 367 

mcdsture  eqtiivalent  in 367 

wilting  coeflSdent  in^ 367 

salt  content  of 367-369 

geology  and  topography  of 370-37^ 

grass-flat  communities  in 405-406 

greasewood-shadscale  association  in 400-405 

indicator  significance  of  vegetation  in 365-4x8 

Kochia  association  in 388-394 

sagebrush  association  in 377-386 

saline  conditions  of 37^-374 

salt-flat  communities  in 408-413 

sand-hill  mixed  association  in 386-^88 

shadscale  association  in 394-400 

Townsendia  watsonii,  in  Tooele  Valley,  Utah 394 

TrifoUum  medium,  food  plant  of  Agromyta  pusilla 63 

pratense,  food  plant  of  Agromywa  pusilla 64 

repens,  food  plant  of  Agromyta  pusilla 63-64 

Triglockin  mariiima,  in  Tooele  Valley,  Utah 405 

palustris,  in  Tooele  Valley,  Utah 405 

Trigonellafoenum-graecum,  food  plant  of  Agromyza  pusilla 64 

Tripheips  sp.,  enemy  of  Agromyza  pusilla S$ 

Triticum  sativum,  ash  of 387 

chemical  constituents  oi 384-388 

composition  on  different  plats  of  soil  in  Kansas,  California,  and  Maryland.      378 
composition  when  grown  on  soil  from  California,  Kansas,  and  Maryland  in 

each  of  the  three  States 380 

correlation  between  physical  properties  and  chemical  constituents  of 388 

environmental  influences  on  the  physical  and  chemical  characteristics 

of 275-393 

fat  of 386 

fiber  of 286-287 

flinty  grains  of 283-284 

gliadin  in  protein  of 286 

imperfect  fungi  isolated  from 475-489 

inoculation  with  imperfect  fungi 476-478 

pentosans  of 387 

phosphoric-acid  content  of 387 

ph3rsical  and  chemical  characteristics  of 275-^93 

potash  of aSS 

protein  of 284-286 
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Tfiticum  sativum^  stunting  of  roots  by  Helminthospotium  gramineum 481 

sugars  of ; 287 

weight  of  I  bushel  of 283 

weight  of  1,000  grains  of 283 

Tropaeolum  majus,  bacterial  disease  oi  leaves 189-210 

food  plant  ol  Agromytapunlla 63 

Trypanosoma  equiperdum,  causal  organism  of  dourine 99 

Turnip.    Set  Brassica  rapa. 

Twig  Blight  of  Quercus  Prinus  and  Related  Species,  A  (paper) 339-'34<^ 

Tyloeelike  cells,  occurrence  in  conifers 461-462 

Tyloses,  development  of 446 

occurrence  in  conifers 459-461 

in  hardwoods 451 

in  softwoods 458-459 

practical  significance  of 462-468 

relation  of  parenchyma  development  to 448 

to  creosote  penetration  of  wood 464-467 

to  durability  of  wood 462-464 

to  water-logag;ing  of  wood 467-468 

Tyloses:  Their  Occurrence  and  Practical  Significance  in  Some  American  Woods 

(lM^>cr) 445-469 

Trypopremnon  latithorax,  n.  sp 350 

Trypopremnon,  new  genus 349 

Udder,  streptococci  from 492 

Undescribed  heart-rots  of  hardwood  trees X09-128 

Species  of  Gymnosporangium  from  Japan,  An  (paper) 353-356 

Utah,  indicator  significance  of  vegetation  in  Tooele  Valley 365-4x8 

Vanillin  in  soil 359-36a 

Variation  in  the  alkaloidal  content  of  Alropa  belladonna 129-146 

Vegetation  in  Tooele  Valley,  Utah,  indicator  significance  of 365-418 

Vetch,    See  Vicia  sp. 

Vicia  sp.,  food  plant  of  Agromyza  pusilla 64 

Vigna  unguiculaia,  food  plant  of  Agromyza  pusilla 64 

injury  by  Agromyza  pusilla 74 

Volck,  W.  H.,  and  Ballard,  W.  S.  (paper).  Winter  Spraying  with  Solutions  of 
Nitrate  of  Soda 437-444 

Watermelon.    See  Citrullus  vulgaris, 

Webster,  F.  M.,  and  Parks,  T.  H.  (paper).  Serpentine  Leaf-Miner 59-88 

Weevil,  cotton  boll,  occurrence  in  Arizona 89-^98 

of  Solanum  tuberosum,  from  Andean  South  America 347-35^ 

Wheat.    See  Triticum  sativum. 

Winter  Spraying  with  Solutions  of  Nitrate  of  Soda  (paper) 437-444 

Wood,  creosote  penetration  of  affected  by  tyloses 464-467 

durability  of,  affected  by  tyloses 462-464 

hard,  tyloses  in 451 

soft,  tyloses  in 458-461 

water-logging  of  affected  by  tyloses 467-468 

Yoder,  P.  A.,  and  LeClerc,  J.  A.  (paper),  Environmental  Influences  on  the 
Physical  and  Chemical  Characteristics  of  Wheat 275-292 

Zagrammosoma  muliilineaia,  parasite  of  Agromyza  pusilla 81 

Zygadenus  paniculatus,  in  Tooele  Valley,  Utah 378 
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